


a 

















$C Gas-kired Contr ed Atmosphere Bright Anp 
Furnace, with SC Radiant Heating Flemen 
standing SC Development 





along which the copper strip in coils passes 
re: Sat perforated alloy trays. The material is cook 
, 9° a cooling chamber to 150° F. before being dis 
charged. A specially prepared gas mixture 
maintained in both the heating and cooling cha 
bers by means of an SC DX Gas Preparat 
Unit, which prevents oxidization and disco 
tion. Heat seals prevent air infiltration atc! 





@ Demand on the part of users of non-ferrous and discharge ends of the furnace. 


metals for clean material, free from oxide and In the operation described the furnace h 


discoloration, has led to the general practice ot gross efficiency of 52°; and a net efficien: 


bright annealing. For this purpose there is 
scarcely a large producer who does not have one 
or more installations of SC equipment. Proven 
new developments in bright annealing cut costs, 


i2‘;. The furnace is so designed that it alson 
be used for annealing brass at a temperatur 
1200° F. when desired. 

SC Controlled Atmosphere Furnaces are 
able for bright annealing both ferrous and 
ferrous metals, and for gas carburizing, forg 
nitriding or clean hardening steel — tor « 
batch or continuous operation. SC Engin 
will be glad to consult with you regarding ) 


speed production, produce superior quality work 
Typical is the installation pictured, which 
bright anneals 3000 to 3500 Ibs. of coiled copper 





strip per hour, at 800° F., in controlled atmos 


= 


phere, with a gas consumption of only .677 cu. ft 
GAS-FIRED of 530 BTU city gas per hour. Heating is accom- heat treating proble ms. 
UNIT HEATERS plished by SC Gas-Fired Radiant Heating Ele SURFACE COMBUSTION CORPORATI 
FOR SPACE ments, mounted above and below the conveyor Poledo, Ohio 
HEATING 
REQUIREMENTS 


urface Combustion 


Toledo, Ohio » Sales and Engineering Service in Principal Cities 
Builders of HARDENING, DRAWING, NORMALIZING, ANNEALING FURNACES 
FOR CONTINUOUS OR BATCH OPERATION » » » ATMOSPHERE FURNA S 
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Timken Makes All Types 
of Standard and Special 








Analysis Carburizing Steels 
Including: , , . 


SAE-3115 

SAE -4615 

SAE-6115 

SAE - 2315 

SAE - 2512 

Timken Nickel-Molybdenum 

Timken 23420 [342% nickel with molybdenum 


Timken 5% Nickel 


C000 Wik | Timken Krupp 


BASED ON 
PUR Timken Chrome-Nickel 


Ul WA Timken Nickel-Chrome-Vanadium 





Timken carburizing steels—regardless of type—are manufactured to the same high 
standards of quality and uniformity that have made all Timken Alloy Steels so well 
and favorably known throughout industry. Your inquiries will be answered promptly. 


THE ii tdci Bhp bedio. & TUBE COMPANY, Swe 7 ee O | 


t Offices or oe resentatior 1g Cities De i Chicag New York i Angeles Bost 
ELECTRIC FURNACE AND OPEN HEARTH © ALL STANDARD AN SPECIAL ANALYSES 
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The Future of Stainless 


An 


Editorial 





STAINLESS STEEL has shot up like a meteor 


the metallurgical horizon. While it was 


liscovered in England before the War, the rapid 
ial development has occurred in 
\ within the last ten years. Stainless steel 


vet very much of a specialty. The ques- 


refore arises, “What are the logical de 
ts in the future?” 
ma tonnage standpoint the amount pro- 
\merica is not impressive compared 
total steel production or even the total 
production. Nevertheless, statistics 


d bv E. F. 


forward. 


steel 
Cone indicate that the trend is 
He 1929 


(0 tons of ingots classified as one or another 


finds that in about 


stainless steels were cast and processed 


led products. Production reached bottom 
22.600 tons) but 


about 75,000 


2 depression vear 


1 had bounded back up to 


S \ 


easonable guess is that 1935 production 
larger and that 100,000 tons will be ex- 
1936. This will sell for $50,000,000, a 
Uhese figures reveal great progress in 
son with the unsatisfactory trend of our 
el industry since 1929, 
cl, it has been amazing when prices are 
d. Soft steel bars carry a base price of 
per lb.; 
less, but 18-8 stainless steel bars sell for 


the engineering alloy steels 6e¢, 


- 1) base. 


Chis is the highest priced steel 
irket, except high speed tool steel (55¢ 
for 18-4-1 


treatment 


bars). Stainless sheet and 


special and finishes may 


oach that dizzy price level. 

ipparent that the future expansion of 
s well established at present into real 
will hinge on the question of 


itlets 


June. 
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price. Several factors con ill here, among 


which may be mentioned cost of raw materials, 
steel mill costs, cost of selling and development 
costs. Royalties on patented analyses have some 
but 


charges on the standardized grades and type s are 


times been blamed for high prices, these 


now by no means excessive. 


Alloy costs are undoubtedly high. Low cat 


bon ferrochrome is quoted at 20¢ per lb. of con 
tained chromium and electrolytic nickel at Sb« 
One re adily figures about 8é¢ for alloy in a 
IS-S in the 


losses of chromium during melting. 


per lb. 


pound of ingot, allowing for slag 
As pointed 
out by our German correspondents in this Issue, 
the steel makers can do little about this other than 
attempt to develop lower alloys suitable for cet 
tain applications. Thus 16°. chromium, 6°¢ nickel, 
1’, manganese alloy is already in production and 
has the the proper properties for most automotive 
much 18 


Complet replacement of ni kel 


uses. The English also uss chromium, 


2 nicke | alloy 
such as 20 chromium, 10 


with manganese, 


manganese, with or without copper, has already 
been proposed; rather extensive studies indicat 


a family of allovs of great promis: 


Substitutes for chromium are missing, al 
though both aluminum and _ silicon have the 
property of « nnobling iron However, if too 
much chromium is replaced by them some very 
difficult manufacturing problems arise. Like« 
wise some earnest efforts have been made to 
make low carbon stainless from cheaper, high 


carbon ferrochrome or even from chrome or 

Eventual success in replacing much of the 
th 

) 


sponsible for a saving of 1 or 2¢ in raw 


chromium and nickel in allovs might be re 
material 


costs in the ingot, which, while not much, is som« 


) 
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thing \t any rate, alloy costs will always re- 
main comparatively high 
\lexander LL. Feild has 
items responsible for high mill costs in his chap- 
ter in The Book of Stainless Steels. 


n with the high temperatures and long times re 


summarized the 


| hae se start 


quired in electric furnace refining, the excessive 
proportion of scrap in making a superfine prod- 
uct, the 


scrap, and the extraordinary costs in finishing the 


losses and difficulties in remelting this 


surfaces required by many. pur- 


mirror-like 


chasers \s volume of production increases, 


these rlems will undoubtedly decrease 1th 61th 
vreatest single charge is the cost 


Many 


saved wherever dut 


portance eit 
of a lustrous finish on sheet and. strip. 
times this cost could be 
ability rather than beauty is the prime requir 


Material ordered in the as-rolled condi 


ment 
tion would in those instances save as much as 
l0¢ a pound 
Selling costs: Stainless stecl is sold on a 
that is, 


special trip and return with an order for a few 


tool steel basis a salesman mav make a 


hundred pounds! So many of these orders ar 
trial orders that the metallurgical service now 
expected by the purchaser, amounts to over 1 


ver Ib. on all sales. Warehousing, packing and 
| | i 


shipping costs are also” proportionately high 


when a large number of sizes, shapes and finishes 


must be carried to furnish customers job lots of 
this, that or the other composition or modifica 


tion Obviously. when CONSUDIECES are educated 


about how to handle these new steels success- 


fully, and when they buy them in larger quanti 
lies to definite specifications, the selling costs will 


take a sharp drop 


Closelv allied with the above are the devel 


opment costs. Manv new allovs are promoted 
| 


purely for competitive purposes; on the other 


hand, many are invaluable in special applica 


tions. So many people have become interested 


that the 
ceedingly complex. The Book of Stainless Steels 


names dated June, 1934, 


commercial situation has become ex 


has an index of trade 
which contains no less than 1250 listings unde 
product of 104 


a commercial situation 


12 chemical classifications, the 
manufacturers. In such 
in a voung branch of the industry, it is almost 
impossible to separate engineer's facts from sales 


Inan’s propaganda. 


foo wide a variety of trade-named alloys is 


wasteful in manv wavs. Of course, some chem 


ical variations are even in a single 


necessary, 
type, to fit the metal for various processing (cold 


rolling, piercing, welding, and casting) or for 
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exposure to various corrosive media, } 


frequent arrival of new members of t! 





is to be deplored. A good alloy requires 








vears to develop in the laboratory if 
corrosion, and creep resistance is t 
vestigated, and then another two or t] 
are necessary to prove it in actual 
Kventually the customer must pay for t! 
times it is worth it; sometimes it is mn 
nately many of the useless variations o 


ket have had very little real money spent 





except for ballvhoo. 

this rather long discussion is wa 
the present importance of the cost fact 
high cost of the stainless allovs undoul 
stricts sharply their wider use. Cheap 
auton 


get by Most applications in the 


dustry, for instance, are decorative 
cheaper to stamp parts from brass or s 


or make die castings, and then put 


plate on them that will last for two or t] 
than it is to make the parts of pape 
less, the plated ware gets the ordet It 
noted, however, that wherever the brigh 
constantly under the driver's eve as 
tvpe steering wheel or in a hinge on 
slainless is the rule. 
Phat is the hope of the future. As | 


educated, they will conclude that in 


hood 


more places it is safer not to gambl 
stitutes, but to pay the price for the sol 
and buy satisfaction. As volume gor 
time goes by, most of the cost items 
above will be favorably affected. Ray 
and processing costs will shrink; pr 
and selling costs will be absorbed | 


ing prices in turn will open up wider 


thus starting a favorable evele whos 
only be guessed at 
All the above relates to the expa 


in fields aiready known to stainless. © 


emphasize that one extremely valuabl 
of the high chromium steels has not 
ploited to any great extent hamely 
to be heat treated to very high strengt 
ing generally, it is true that nearly all 
less steels in use are dead soft annealed 
ness is desired they are cold rolled or \ 
The hardening capacity of the chron 
has so far been neglected, and the us 
dearly for expensive alloy, far heavier 
be to carry the loads. 

Of course, it is easter to fabricate s 
But if the user had looked for the « 
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t extensive group of S.A.E. steels 


scl 


have been developed. Everyone 


that it is rarely economical to use an 
this sort in the as-rolled or annealed 
e extra raw material cost, however, 

recovered in an important axle or 
the inherent properties of the mate- 
\ lope dl by heat 


t is, then, that in the family of stain 


it 


correct treatment. 


any times as high in alloy content 
possibility of enhancing their me- 

yperties and saving in over-all weight 

peen achieve dl! 

user 1s 


the still 


with the unique property of corrosion 


this is because 


he should be taught that these steels 


ificently strong as well as enduring 


has recoiled from the difficulty of 
heat treating large or complicated 
so much the worse for our present 
fabrication and heat treatment 


for a thorough revision. For eventu- 
ll get strength as well as durability 
new allovs a matter which will 


satisfy both producer and user. 


speculations as to the possibility ol 
s of stainless steel may be interesting. 


ent discovery of the combined action 


ind carbon in strengthening and 
the high chromium-iron alloys is of 


rlance It leads one to hope that the 


us¢ fully alloved with 


rons can be 


mical element nearby carbon in the 
ble) Che result should not be a mere 
or something we now have, but an 


allovs of unique properties 


that desired family of stainless alloy 
be worked and fabricated in the soft 
then hardened and strengthened as a 


either by mere age or by a mild 


Lii¢ 


{ ill rok 


al theory for this process ot 


hardening is well known and ap 


inv other allovs, some of them of 


irdness and strength. By this means 
illy be found the alloys for high pres 
bolts) 


Doo 


ers (and to operate at tem 


pwards of allovs at present 


the chemical, petroleum and power! 


it not vet available. 
s we already have had one such high 
illov for a long time, but have not 


nder control F. B. Foley published 
Meral 


last issue of PROGRESS on an 


June. 


19 iO: 


steel alloy containing about LOQoo. C1 


Ni Al 


the nickel and aluminum form an 


old valve 


0.00% C, 1.5°° each of and Apparently 


intermetalli 
compound which is fairly soluble in the austenit 
at 160000 F i 
cooling. Reheating later at 
a cloud of the NiAl particles through the metalli: 
crystals and the 
180,000 psi. with 20 


and can be kept in solution by an 


roo] precipitates 


allov achieves a_=estrength of 
elongation 


Other intermetallic compounds of chromium 


are also known but unfortunately they precipi 
tate from solution at the grain boundaries and 
embrittle the allov rather than strengthen it 


Mavbe this habit can be corrected, when we know 


more metallurgy 

Another thing we would like, and probably 
will get, is an 18-8 or equivalent austenitic alloy 
Which will have a verv high elastic limit and 


proof stress when severely cold worked for high 
will hye hailed Th 


nautic designers and chemical engineers 


ultimate strength lhiis aero 


And finally, how about an allov which will 
not heat tint at oven temperatures? Think of 
stainless steel bakin dishes mad roasting pais 


that stay bright 


Qualitative Spectrographic Analysis 


AN EDrroRIAL note captioned “You Are Miss 
ing Nothing” was printed in the March 

issue, commenting on an offer to make a qualita 
tive analvsis and rough quantitative estimate of 
ill the metals (70 in all) in any sampl S600 
Evidently that editorial was poorly vritte I 
several communications have been received from 
friends on the West Coast saving that it reflects 
on the integrity and character of a respected 
member of the chemical professior 

Certainly nothing of the kind was intended 
and the Editor regrets that has been so inter 
preted Lhe obiect was to call attention to w il 
appears tor bo Inpro ible namely, to furnisl 
a complet md accurate malvsis for S6.00 

lLlowe ver, It IS possibl that \\ if ine net ell 
informed. and that new equipme! has been d 
veloped which will revolutionize spectrograp 
analvsis. Consequently the Editor has tendered 
the Los Angeles assaver who mad lhe Ter 
space compal ibl t¢ that sed | Live oO! il 
editorial to prese his views or outli R 
analvtical methods ind = suflicient additional 
space to the manutacturer of his spectrograpl! 
equipment for an artich describis ts consti 


ty ; 


tion and opera 
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Doors for an Entrance to a Building Devoted to Industry, Designed and Executed by Oscai 





Plaques Represent Mining, Smelting. Fabrication, Machining, Building and Transportation 
The color scheme may be appraised by a glance at the front cover, which utilizes some of th 
details of this door. The broad, silvery expanse is framed in glazed black sheets, the joints in 
which are marked with bands of stainless steel colored red and double ribbons of bright steel 

















ew with Oscar B. Bach, leading Ameri- 
and artificer in decorative metal work, 
in stainless steel a medium unex- 
his creative work of enduring beauty 


Sel 


Stainles 


s Steel 


as a Medium for Artists 





\nour a decade ago a new metal or a new 

& combination of metals was created which I 

nsider the most remarkable material ever 

ide available for use in exterior and interior 
It is stainless steel. 


tectural facades. 


Other materials stone, marble, terra 


le, bronze, iron, lead and zine have left 
irks on respective periods in our civiliza- 
So will this new material set its everlasting 
on our century and future civilization. 
lust as we look back at the old times and 
des of construction with their stone walls and 
der at the progress that has since been made 
st skeleton building construction and its 
il wonders, so will generations to come 
k back upon the construction of the coming 
marvel at the innovations that stainless 


cle possible. 


» nless steels 


bring to the arts and 
san entirely new medium of expression 
for artistic purposes or for the almost 
utilitarian uses where a permanent 
needed.” 
speaker is Oscar B. Bach, artist and 
in, Whose outstandingly original work is 
throughout the world in museums, in 
id temples, in public buildings and in 
sidences. To a heritage in arts, in crafts, 
es extending down through generations 
family, and to an intimate knowledge 
rks and techniques of the old masters in 
Mr. Bach has added the ability to visual- 


ssibilities possessed by the most mod- 


June. 1936: 


ern metals as a medium for the more effective 
expression of his artistic concepts. 
Mr. Bach continued: 


pressed themselves in three dimensions through 


“Early sculptors ex- 


the use of marble, granite and other materials 


such as the softer metals all that were then 
available. The natural characteristics of these 
materials created limitations in their us For 


decorative purposes, most large sculpturing, even 
when in low relief, necessitates a tremendous 
amount of bracing and support, as the material 
used can seldom carry any structural load. Now 
the stainless steels make it possible for artists 
to work in a material that is as strong and de 
pendable as it is beautiful.” 

The interviewer here interrupted “We 
metallurgists, Mr. Bach, sometimes wonder what 
we can do to bring these new materials more 
prominently to the attention of architects and 
designers. With a few outstanding exceptions, 
they seem to think that the new materials are 
troublesome to handle and perhaps not alto 
gether as good as advertised 

“You should counsel patience,” was the an- 
swer. “There really is an extensive use for 
architectural decorations, both outside and inside 
important new structures. Stainless steel store 
fronts, vestibules, railings, bank cages and fix- 
tures, vaults, grilles and furniture are increas- 
ingly used in the more modern buildings 

“Tl admit that it would perhaps have been 
wrong and premature to have attempted to intro 
of stainless steel sooner, 


duce the broad us¢ 
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work, bidders we re 
sive their estimates a 
cessful contractor 
instructed to rep 
models in white m 
brass, or other allo 
times in plain cast 
inevitable painted sur 
final results would no 
ter of artistic craftsma 
rather an exhibit of wit d 
ning to evade the lin 
material and technig 
“Such models wi 
to show those who w 
metal in molds how the s 
should be profiled 
manship or nuances 
sion were involved ) 
steel releases the desis 
the craftsman to enjo 
est attainment of his 


Brilliantly Colored Repousse Plaque Svmbolic of Drama. One of three on the exterior walls purpose, 


of Music Hall. Rockefeller Center. New York. Stainless steel was largely used in these “With the opport 
ornaments, 18 {t. in diameter. combined with other metallic allovs. bare and enameled fered to us with this 


prince of steels, we 





have to conceal our bas 


rials and we can really 


because, during the last ten vears many diflicul to design and write specifications, and t! 
ties like children’s diseases had to be cured cator and craftsman can go ahead i 
by the mills, metallurgists, fabricators and cratts executing work that will enhance any st 
men. Even more important, it has been neces or edifice with its beauty and truthful 
sarv to inform and convince designers of its stead of marring it with compromises. 


many virtues, since entirely new principles are 


involved and, as experience was gained, new Strength an Important Characteristy 


avenues opened up for its use.” 

















“What has been your experience in contact One has only to look at the mass 
ing prospective customers for your creations in illustrated at the first of this article, v 
wrought metal?” broad sheets of stainless steel, to real 
“More than 20 vears ago when | set out to speaker has surmounted the problems 
design and practice my craftsmanship in this in such a chain of personal factors fron 
country, L scrutinized the usual methods and pro- to designer to modeler to workman \ns 
cedures emploved here in this field of endeavor. a query as to what features of the ne’ 
It was then, and still is, customary for the archi ire of outstanding importance to th 
tect to furnish designs and details for the metal Bach said: 
work. A modeler would be engaged to interpret “Corrosion resistance has usually 
these designs in plastic material and provide garded as the outstanding characteris! 
models which could be duplicated in the mate not want to detract from this feature 
rial later to be selected for their construction. ables the artist to gain immortality for 
“TL have often been dismaved to observe how it will be everlasting. We all hav 
the designer’s beautiful concept was defeated by rust is the great destrover of the steel a 
the limitations placed on its realization by the verdigris was the destroyer of the bi 
materials and procedures employed by those to It has menaced the purity of our chem 
whom its execution was entrusted. which come medicines and dves and : 
“After the modeler was through with his as a bar to progress in all fields o! 
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It has jeopardized our foods by the con 

at of contamination. It has eaten into 

cest productions of the craftsmen and 
ry pristine beauty. 

centuries we have been looking for a 

Any other metal less 


in steel would not do. 


it would not rust. 
Only kings and 
s could afford to command an artist to 
vold, vet we vearned for a truly noble 
Protective coverings, even the very mod- 

troplating, were far from satisfactory 
re so very temporary. The real solution 
real success to overcome this destrover, 

s found in stainless steel. 
Important though this matter of perma 
s. both from the standpoint of inspiration 
conomics, | would like to impress the 
ht that the artist must keep in mind the new 
md principles of this material. 

the most important feature is its great ten- 
. strength and ductility. When working in 
sheets of stainless steel of the chromium- 
kel varieties it ts actually possible to increas 
s strength approximately four times by the sim- 
process of hammering to develop the details 
design in relief. 


Where previously tremen 
dous thicknesses —-I mean tremendous by com- 
. with sheet metal 

ia to bye 


considered, 


designer learns to 
think in the terms of man- 


fold and new fabricating 


sses made possible 
present knowledge 
s material, alwavs 
in mind the much 
tensile strength 
irdness in compari 
. th more ordinary 
hh allovs, 
llat strips, 16 gag 
hter, can be drawn 
th mechanical rolls 
then formed into any 
d shape and protile, 
nstance in the fab 
n of stainless steel 
ind architectural 
Stainless steel can 


re PpOouss¢ d. 


wrought, 
spun, 
d. rolled. cold 
It lends itself espe- 


? 


to cold treatment 


vorking it thus in- 


rere emer au Littl 





Osear B. Bach 


H ith ati inherited artistt@ ability develope d hy study al thre Roval iri 


in ltaly, Spain and bkrance 


hegan to receive recognition for the originality of his work 


creases its tensile strength. However, for many 
forging operations it is necessary to work it hot 
in a manner similar to steel or tron his, how 
ever, is readily done. 

“Graceful grilles and doors no longer have 
to be cast in heavy materials, but can be light 
enough to be carried and erected by the averag 
workman. They will, on the other hand, have a 
strength and endurance out of all proportion to 
so-called hollow bronze doors or even the mas 
sive cast bronze doors.” 

Mr. Bach was reminded that he used other 
metals and even enamels in the construction of 
the heroic plaques on Music Hall in Rockefeller 
Center, New York, and he said it was necessary 
at that time to do this to produce the necessary 
color contrast. 

“About two vears avo.” he continued, “I was 
asked to suggest a method of coloring the natural 
finish of stainless steel, with the proviso that i 
must not be paint nor anything applied to the 
metal or added to the metal that would cause it 
to deteriorate nor involve the use of a process 
which would in ans way corrode stainless steel. 

“I experimented along these lines” and 
eventually succeeded in adding an apparent im 
provement by coloring the surface of this metal 

I confess, though, that | am 
ashamed, because tt 
really seems. like irving to 
paint the lily the trim 
around the door illustrated 
on page J6 Is m ide of such 
‘colored stainless, mitated 
bv the front cover 

“MIanyv architectural and 


sculptural masterpteces from 


ancient to modern times u 
results 


dicate that endurin 


can be achieved vhen the 


irtist utilizes to the tullest 


xtent the natural characte 
ISLICS even limitations 

of the material of yostt 
tion his | am sure will b 
the case with this new and 
precious metal 


feademyv 1 


Berlin. he perfec ted his craftsmanship in metals through five vears of work and study 


He came to America in 1913 and about ten vears later 


hor thre past fen vears te 


has been much interested in stainless steel as a medium for decorative metal work. 
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From a weight-strength basis there is little to choose between 


stainless and duralumin. Duralumin is more economical 


in parts carrying relatively small loads; stainless is more 


economical in the larger structures with heavier 





loads 


Stainless for Aireraft 


Design and Fabrication 





lo THE DESIGNER of modern’ structures, 
a? stainless steel offers many interesting pos- 
sibilities. Up to the present time several im- 
portant applications have been made, but in 
comparison with the undoubted future develop- 
ments, these are but the pioneering efforts of a 
few organizations whose efforts have shown it to 
be economically sound. Possibly the first notable 
instance of this sort was the skeleton of the Brit- 
ish airship R-101, which utilized heat treated 13°, 
chromium steel for the main members. In this 
country the high speed railroad trains of the well- 
advertised Zephyr type have car bodies made of 
an allov containing about 18‘, chromium and 
S nickel (the so-called 18-8). This same alloy 
has been extensively used on shipboard, espe- 
cially for masts, deck houses and bulkheads on 
naval vessels of the destrover type, and a sizable 
amount has been used in the superstructure of 
the Normandie. 

On account of the high price of the latter 
alloy it must be used in a way that will develop 
the highest strength with the minimum of weight. 
Designers of all types of structures, either sta- 
tionary or moving, will find much applicable in- 
formation in the aircraft industry, which has 


established a standard of weight-strength effi- 
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ciency higher than that existing in any ot! 
In the study of new designs, compone! 
miscellaneous minor specimens and eve! 
scale airplanes are subjected to exhaustiy 
tests before the aeronautical engineer is s 
that he has done his utmost to reduce th: 


ture to the lightest possible weight comm 


with cost and applied load. No “factor of 


rance” is added to the design load to com 


for secondary stresses or redistribution 


after the elastic stress has been exceeded 


mittedly, many of the allowable stresses 


day are based on empirical data formulated 


| 
a 


a multitude of similar tests, but since de 
constitutes such an important part in the 





tion of the final airplane, all efforts are ey 


toward effecting the lightest possible struc! 


It may be said at the outset that t 
reason 18-8 can be used economically in « 
tion with other materials is because of its s 
tive resistance to corrosion. Load-carryi! 


bers of structural steel are never used 


thin sections even when galvanized and 


into transmission towers, because plain 
steel rusts so quickly in all atmosphet 
failure would result from careless maint 
When thin sections of heat treated alloy 
are utilized, considerable care — and extr: 
is required for outside painting and pt 
the interior surfaces of the tubes. Obv! 
strong, rustless steel is necessary for shi 
stiffeners whose thickness is measured 


sandths of an inch. This limits the eng 




















the stainless steels and the strong alu- 
lovs. (Early troubles with the corro- 
iminum have been avoided by the in- 


“alclad” 
by anodic treatment and painting of 


a coating of pure alumi- 


e. Even so the weight of paint on an 
structure runs into a surprising figure. 
‘inted out by J. B. Mera! 
last October, nearly all modern air 


Johnson in 


ept small sport and training planes is 


structed from a high strength aluminum 


wn as 24-ST, except that the landing 
engine mounts, due to magnitude and 


ition of the applied loads, are fabricated 

it treated chromium-molybdenum tub- 
\luminum alloy or welded steel tubing has 
d wood for small aircraft skeletons 

of permanence, durability, greater re- 

sis to fire hazard, slightly greater strength- 


haracteristics and adaptability to mass 


on A small fabric-covered airplan¢ 
built in approximately the same weight 
wood rather than the strongest alu- 


alloy, but the psychological effect and 


e greater safety of the metal skeleton would 


| large factor in its favor. Bombers and 

sport planes are now of monocoque or 

stressed-skin construction and about 75° of the 
sclage is of aluminum 
s trend toward 


im has been in- 
sified by the develop- 
Ol a 
The original 

called 

by the 

Ss covered in 
a Fo 
\rmy  specifica- 

Ion2A and Navy 

S] ition 44-A-2. It 
s about 4 


magnesium 


superior 


. illo du- 


Ger- 


\l i by 


CcOp- 


manganese 
ellent material 
» a still 


ed by slightly in- 


fileron 


further 
Steel. 


* the copper and 
ese and bring- 
magnesium up to 1.5%. 
the wrought and heat treated condition 
“2t-ST” by the Aluminum Co. of Amer- 


the 


The resulting 


“super-duralumin” in aeronautic 
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Since 24-ST aluminum alloy is used for the 
majority of airplane structures, it naturally fol 


lows that this material is highly eflicient from 


a weight-strength viewpoint. Using this as a 
basis, the physical properties of 18-8 will be given 
in order to establish relative design values. This 
comparison is a very diflicult) one, since the 


greater thickness of the aluminum alloy for the 


same weight makes it a more rugged material and 


therefore less prone to elastic instability and 
buckling. A résumé of the physical properties 


of the two metals, however, will roughly indicate 
their relative merits 


Comparison of Mechanical Properties 
| 


Sefore any made it is 


that 


an equivalent 


COMparison can bye 
the 


weight. 


necessary two materials be reduced to 
The specific gravity of 
stainless steel is 7.92 while that of 24-ST is 2.79; 
the thre 
therefore 2.84. This factor will be used to modify 
the physical properties of the aluminum alloy so 
that of 


18-8 stainless condition 


ratio between two specilic gravities 1s 


they are directly comparable to those 


Aluminum alloy sheet 


steel. Furthermors 
of the metal is important. 
is furnished in the annealed and softened condi 


tion and must be quenched and aged to develop 





Skeleton ol Stainless 


Hing 


Hinge and 


Klying mire fitting is welded to main boom 





its strength; rolling, bending, shearing and punch 


ing may readily be done either before or just 


after quenching. Structural shapes, rolled or ex- 
truded, and thicker sheets are usually furnished 
Phe 


in the quenched and aged condition stain 
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less steel, I8-8, is an austenitic alloy whose psi. Multiplving the latter by the fa 8 


strength is induced by cold work; it is bought comparable vield point of IL4L,000 is 
timost exclusively in coils of thin strip, heavily therefore, for parts classifving as sho 
cold rolled to “hard temper.” stainless steel is more efficient. 

In tension, hard temper 18-8 has a minimum Phe load which will cause a long 
tensile strength of 185,000) psi.; 21-ST has an fail depends almost entirely upon the 
ultimate tensile strength of 64,000 psi.. which mul clasticitv of the material. At a very 
tiple d by the factor of 2.81 gives a COMparison stress the modulus of stainless steel is 2 
figure of 182,000 Lhere is therefore very little to psi. Owing to the fact that the stress-st 
choose between 18-8 and 21-ST as far as strensth deviates slightly from a straight line at 
of tension members of equival nt weight Is con loads, the computed value of the mod 
cerned, except that steel members subjected to off as the unit stress is increased, but 
direct tension can be approximately one-third unit stress that a long column will sup; 
smaller. This is of importance in exposed parts extremely low value due to elastic 
where drag or resistance to aerodynamic forces 29,000,000 represents a close approximat 
isimportant. Likewise terminals and end fittings actual condition. The modulus of 21-S 
are simplified if they can be made as small as 10,300,000 psi.; multiplying this by thi 2 
possible. results in a figure of 29,200,000, 

A comparison between the two metals when Phus it can be seen that there is ve 
used in compression members represents a very choose between the two metals as far 
complex problem, since if there is no restriction pression is concerned; whereas the stain! 
on size the aluminum alloy can be disposed is better in the short column range, the 21-S 
further away from the neutral axis and by so slightly more eflicient in the long colum 
doing have a greater radius of gyration that In bending a unit stress of 163,000 
is, the member is stiffer against failure by buck- been realized in a built-up section of 18-s 
ling. We will assume, however, that an over-all less steel. In aluminum 52,000 psi. is t! 
diameter is restricted this assumption being in mum bending strength obtainable from 2! 
accord with optimum aerodynamic efliciency. multiplving this value by the factor « 
Ina “short column” the eflicienes depends almost comparative stress of 148.000 is obtaines 
entirely upon the vield point of the material. indicates that 18-8 stainless steel has a sl 
High tensile 18-8 has a vield point of 150,000 vantage over 24-ST when bending strengt! 
psi., Whereas 21-ST has a vield point of 10,000 is considered. Where beams are limited 





\ 


Joints and Stiffeners and Fittings in) Heavily Stressed Members of Stainless Steel. 


Box beams and. struts may confidently be installed without fearing corrosion 
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stiff against 


ilso be 


flutter. stainless has 


rdvantage of a higher 


tainless stec | develops a 


mit of approximately 
timate whereas 24-S1 
lv about 21 of its 
(J B. Johnson gives 


for 24-ST). Since mod- 

raft is designed on the 

the ultimate ten- 

th it is apparent 

sue failures must 

lv guarded against, 

s likely that stain- 

Ss el is better fortified 
the effect of re- 
stresses in places 

they are not ex- 

\s concerns impact, 
IX-& stainless steel has a 
py resistance of ap- 
mately 33. ft-lb., 


is 24-ST is approxi- 


5 io A 
~~ 


> 
oie 


and Hinge of Stainless 

















Stainless 


Vethod of 


Steel Sheet, ‘aper 


Suffening 
lhin. WH ith 
a Corrugated Piece. This is a flap 
designed for a Luscombe airplane 


side metal temperatures 
undoubtedly reach 1200) | 

Phe above comparison 
between the two metals 
indicates that there is lit 
tle, one wav or the other, 
to guide the designer in 

making a selection of the 
proper metal for his structure 
As pointed out before, the ap 
plied loads on the structure 
should be of such magnitude as 
to utilize a fairly heavy gage of 
stainless steel and by so doing 
minimize the local buckling and 
clastic failures. This premise 
points toward large airplanes as 
the best structures for stainless. 
They are heavily loaded and re 
quire a minimum of cross-sec 
tion for maximum acrodynamic 
efliciency. In the small airplane 


as usually constructed, the sele 


S Shotwelded. his skeleton 

ly be conned with: tibet tion of stainless steel would be 
dictated by the minimum gage 

obtainable from the rolling mill 

and the stability of the part 

ld tt-lb. Owing to the nature of this test, made from these thin sheets rather than the 

s doubtful whether the latter figure should be stress requirements As the size and loading 
plied by 2.84 for comparison. increase, the thickness of metal reaches the figure 

durability of both of these metals is where a better form factor and the utmost efti 

d obsolescence rather than disintegration cheney can be realized through the use of heavier 

sion of the material is the ruling factor sections and less closely spaced stiffeners 
ipping of aircraft at the present time. 
No predictions can be made in the future but it Welding Versus Riveting 
probable that as designs tend to approach 

odynamic optimum the question of per- Ihe one marked advantage that = stainless 

e of all materials will become of increas steel has over the aluminum alloy is in its fabri 

t portance. From a fire hazard standpoint cation, since all joints can be made by shotweld 
N- iinless steel is definitely better since its ing or very fast spot welding rather than riveting 
point is approximately twice that of This process of welding can readily be developed 

im Of course, the cold worked 18-8 into an automatic set-up and it is possible to con 
annealed and lose its high strength by struct an entire airplane without using a singh 
. through a fire, but structures will hang rivet. The unit cost of spot welding is materially 


at temperatures above the melting point 
ium. Thus 18-8 tubes are giving almost 
<7 


i service in oil cracking stills where out- 


nperatures are about 900° F. and flame 
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less than riveting and has numerous advantages 
from an airplane designer's point of view 
For instance, the number of spot welds in a 


given joint is not important except from a cost 
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standpoint. The welds, of course, weigh nothing. 
Since they do not project from the surface they 
allow flush connections and when used on exter- 
nal surfaces are better from a standpoint of 
aerodynamic drag. The greater number of shot- 
welds used in a given fitting tends to reduce the 
stress concentration and results in a larger mar- 
gin of safety. Since no material is removed (as 
inarivet hole) the joint can be designed for 100° 
efliciency rather than for 75 Finally a shot- 
weld requires less space and flange width than a 
rivet and the proper design of a welded joint 
should result in a minor saving in weight. 
Overlapping shotwelds form a seam weld 
and a watertight joint, which when used in sea- 
plane construction results in an extremely effi- 
cient method of closing the seams. This type of 
seam is completely watertight and does not re- 
quire any caulking material to be placed on the 
faying surfaces and around the rivets, thereby 
resulting in a lesser weight for the seam itself. 
If this same method were to be extended to the 
cabin of a stratosphere airplane, it would be pos- 
sible to obtain an airtight joint which could be 
relied upon under very diflicult conditions. 
Riveting is a very expensive process, and ad- 
mittedly unsatisfactory in joints where rapidly 
alternating stresses are carried or in seams where 
tightness is essential. A great amount of work 
has been done to find a method of welding strong 
aluminum alloys, but the electrical resistance of 
aluminum is so low that the spot welding meth- 


ods so successful for 18-8 are inapplicable. 


Welding Equipment 


Adequate automatic equipment for steel has 
been developed. The duration of current can be 
controlled either by a cam-operated mechanism 
or by electron tubes. Simple indexing devices 


are available whereby the assembled work, 
mounted on a table like the bed of a planer, can 
be fed past the electrode grips at definite rates, 
thus putting in spot welds at correct spacings at 
a high rate of speed. For semi-automatic opera- 
tions, four sets of welding horns or electrodes 
can be arranged at right angles in plan around a 
square mast containing a single transformer, with 
current control interlocked to avoid interference 
in the event that operators would depress their 
treadles simultaneously. Portable devices of pin- 
cer type are also successful. 

On the other side of this picture it must be 
admitted that dozens of shops and workmen are 


capable of making or replacing a rivet to one 
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that is equipped for a spot welding jol 
however, is a temporary condition; the 1 
continually decline, and it will be found ‘ys; 
easy to install welding equipment as it is 
and riveting devices. 

Cold rolled stainless steel is readily 
bent or flanged. Dished shapes or fluted 
(work which cannot be formed by rol 
drawing through dies) are easily bumpe: 
stamped in a drop hammer between ¢ 
alloy dies. These low-melting alloys may 
against wooden or plaster of paris models. T; 
ming or cutting of bent shapes is best do 
thin abrasive wheel. 

Cleanliness is a great advantage in the st! 
room. The cold rolled alloy is delivered 


superfine surface, ordinarily interleave 


paper to avoid rub. Such metal deserves 
handling. We have carpeted our stock ro 
run a vacuum sweeper over it every day 
In conclusion, it may be said that the 
ht sa 


moving structures is made on the basis « 


decision as to the best metal for we 


ig 
factors than physical tests. It is roughly th 
wood, heat treated steel, super-duralum 
cold rolled 18-8 are about equal as far as sti 
Actual use is 


termined by such factors as fire hazard, ad 


weight factors are concerned. 


bility to mass production, availability in 
sizes, shapes and thicknesses, corrosion res 
ance, amount of load the part is to car 
ease of fabrication and repair. 

The use of stainless steel rather than 21-5 
for eflicient structures is therefore detern 


the final assembly rather than by any 


physical characteristics of the two m« 
production, indications are that shotweld 
tures can be fabricated at a much lowe! 


the ones which are completely riveted, at 


confidently be predicted that in larg 
structures this saving in fabrication w 
than counterbalance the extra cost of s 


as compared with super-du 


, 


steel strip 


sheet and shapes. 
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Continuous normalizing furnace for gear blanks, 
having water-jacketed cooling zones near mid- 


enath and at discharge end one of the interest- 


installations in the new Chevrolet gear plant 
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Kquipment for Hardening Gears 


Without Oxidation 





: \ NuMBER of interesting new ideas are in- 
orporated in the equipment of the new 
ind heat treating plant at Chevrolet Parts 
Division of General Motors Corp. al Sagi- 
Mich. Most of the production is gears of 
sort or another. The forgings are normal- 
i furnace having a central cooling zone. 
itting the teeth they are hardened from 
trolled atmosphere having definitely car- 
g tendencies. A unique installation for 
4 and quenching from lead baths is also 
d, as well as a model battery of cyanide 
is is the fuel standardized throughout this 
id is used in all the furnaces, both for 
ind for heat treating. 
side view of the normalizing furnace is 
the view at the top of this article. Tem- 
cvcle consists of heating to 1680 F.. 


ooling to 1330° F. and holding for a defi- 
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nite period. The furnace is about 33 ft. long, the 
work tunnel about 18 in. high above the rails, and 
wide enough to pass two lines of 30-in. trays. 
The height of this space is shortened to 14 in. at 
the 3-ft. central cooling zone by two baflle arches, 
and pipes in which cold water is circulated are 
located both above and below the work \ se 
ond cooling zone 5 ft. long is built at the dis 
charge end. From here the travs run out on a 
chain convevor, with chains set far enough to 
clear the tray except for lugs at one edge. This 
tips the trays so the forgings dump automatically 
into tote boxes, and the trays are returned to the 


other end of the furnace by chain convevor 
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After the teeth are cut the gears are sent back 


Fo) 


for hardening. This is done in a variety of ways, 
first condition being the exclusion of oxygen or 


combustion gases which decarburize enough for 


a soft skin. There are two furnaces of pushet 


tvpe with controlled atmosphere. Each is 32 ft. 
iong, provided with an alloy muffle 52 in. wide, 


16). in. high at the ends and 2'% in. higher in the 


center. It is made up of sectional castings and 


longitudinal lugs are cast in the floor to form 
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Hardening Furnaces With Inclined Troughs Down Which Preheated 
fre Withdrawn One bv One at End 


Gears Roll bv Gravity. as They 





three continuous rails from one end of the fur- 
nace to the other. The muffle is closed at both 
ends by pairs of gate valves, thus forming air 
locks when work enters. 

Prepared and dried gas, introduced into the 
muffle, constitutes the atmosphere, definitely car- 
burizing in nature. Fuel gas is the basis of this 
atmosphere and it is prepared very simply and 
under close chemical control in a separate unit. 

Gears take about 8 hr. to pass through this 


accompanying view, they are interesting ¥ 


and 315 ft. high, is heated with two gas 





furnace, the temperature being maintair 
matically at about 1700° F. 
depth of from 0.040 to 0.050 In 


| his Give 


Some of the work going through t] 


naces is cooled slightly in the air and 
heated for quenching in oil. There ar 


these hardening furnaces, and, as show 


sloped at about 15° so that the circular parts y 


roll through alloy channels. 


At the bottom end of each 
these slots is a voke-shaped fixtur 
actuated by a foot treadle trippes 
once and a part rolls into the yok 
tripped a second time and it rolls 
out to where the operator Can seize 
it with tongs and transfer it to 2 


quenching press. 
Automatic Transfer 


A unique set-up in this plant 
consists of a spider on top of a ver- 
tical plunger which places work 
progressively in a preheat furnac 
a lead pot, a quench, and a was 
tank. Fixtures carrying thy 
are suspended from the arms of 
spider and each time the plung 
operates the work is shifted 
one unit to the next. The prely 
furnace (oven type) is heated 
waste products of combustio 
the lead pot. This latter is fi 
with two gas burners. Bot! 
naces are circular, 4 ft. in di 
and 3 ft. high. The wash tank 
heated with a ring type gas b 

This new forge plant, w 
6§2-ft. ceiling, has ideal conditions 
far as cleanliness and vent 
are concerned. This means | 
tensive cyaniding operations 
be adequately hooded. ho 


} 


this is done is indicated by 


photograph (page 48). Two parallel 
include 15 cyanide pots and three lead 


The fumes discharge through hoods into rg 


just above the center aisle. Alongs 


rows are quench tanks, 30 ft. long, sunk 


floor level. Each furnace casing, 4 ft. in d 


The cyanide pots themselves are 2! ft. 


eter and 2 ft. deep. 


In the design of this new building at 
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Top and Side View of Equipment for Lead Hardening Grouped About Central 


Plunger. Overhead spider transfers loaded fixtures from one operation to another 


et ae 
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rolet Parts Mfg. Division much attention has been 
given to the problem of materials handling as 
well as light and ventilation. The lower eight 
feet of the walls are steel roll-up doors extending 
from column to column, so that industrial trucks 
can enter at any point around the building. 


Overhead traveling cranes, set high enough to 





clear even the largest hammers, com 
entire floor area. A covered conveyor 
between the new building and the old 
the plant, carrying forgings and gears, | 
machined, from forge shop to machine s 
to heat treat, and at last on to final insp: 


assembly. 


Double Rou of ( vanide and Lead Pots. Closely Hooded. and Set Between 


Long Quenching Tanks. Below Floor Level. View shows automatic tem- 


perature controls, tell-tale lights, and chain conveyors for transporting work 








Properties of Some Special Bronzes 


By D. Hanson and M. A. Wheeler 


Condensed from Journal of the British Institute of Metals 


IN STUDYING bronzes containing 3 to 10 
tin and 1 to 7 aluminum, usual difficulties 
were had in obtaining ingots free from surface blem- 
ishes by the trapped oxide skin The method finally 
adopted was to tilt the mold, and to pour the stream 
of metal down the narrow edge; in this way the 
detects were mainly confined to this edge, and their 
effects could be estimated 
Rolling properties were investigated by noting 
the degree of reduction betore the characteristic 
shear cracks formed at the edges. All of the alloys 
were successfully rolled after annealing 12 hr. at 
350° F.. reduced 50 cold, veheated 1 hr. to 1300 


F., and cold rolled to a total of 80 of the 
Hot rolling after annealing 14 hr. at 1400 
easily done on all alloys which were con 
a solid solution alloy by this heat treatm: 

Annealed alloys possess very good duc! 
inaximum tensile strength attained was 6: 
in one with 4 Aland 5% Sn 

The original surfaces of the “as ca 
containing more than 2 aluminum ar 
lively resistant to scaling up to temperature 
F. If, however, the cast surface is machin 


allovs form a dark colored oxide at 600 


(Continued on page 100 
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ential strength of heat treated stainless steel is usuall\ 


red in favor of metal annealed for easy fabri- 


Present uses where strength as well as corrosion 


ice is necessary suggest many new applications 





Corrosion Resisting Steels 


for High Strength 





In nearly all of the applications of stain- 

& less steel coming before the eyes of the 

ordinary citizen the stresses carried are nominal. 

In others well known to the specialist an enor- 

mously diflicult metallurgical problem has been 

orrectly solved. Corrosion resisting steels are 

iturally intended to resist specific types of cor- 

rosion. When such steels must also maintain 

heavy loads, sometimes for a long time at ele- 

ited temperature, the metallurgist has combined 

ne metal three properties, each one of which 

taken singly is hard to produce even in a spe- 
red alloy! 

lowever, it is unsafe to generalize too much. 

ist be remembered that the foregoing sen- 

s full of relative terms; what may be cor- 

resistant to an oil refiner may not be satis- 

for a dye maker; what may be high 

s th for steam valves may not be nearly 

enough for an ammonia converter; what 

high temperature for turbine blades is 

r gas engine valves; a steel may be stain- 

food stuffs at room temperature, but 

iv tint to a bronze color in a baking oven. 

ent care is needed in all new applications. 

Steel, as is well known, is a malleable alloy 


ind iron carbide. The iron itself is not 
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particularly strong the iron carbide is its most 
powerful strengthening and hardening element 
Neither is iron a very durable chemical element; 
iron rusts; it combines readily with oxygen, 
water, and various acids. Carbon is of no aid in 
this respect, but fortunately three other chemical 
elements can be alloyed with iron to decrease 
its rate of oxidation or scaling, namely, chro 
mium, silicon, and aluminum. All of these metals 
are reasonably common (inexpensive, not rare), 
but high silicon-iron and aluminum-iron alloys 
are more difficult to make and fabricate. There 
fore chromium is the commercial alloy par ex 
cellence for che mically stable steels, with silicon 
and aluminum added at times in smaller propor 
tions primarily to intensify the anti-scaling effect. 
It is generally believed that oxidation resist 
ance is due to a reaction product that quickly 
forms, practically impervious to the reacting 
liquid or gas; likewise this film must be self 
healing, else pitting will occur at chance irregu 
larities. Chemical stability (in the above sense) 
is therefore a surface phenomenon. On the other 
hand, high static strength or creep resistance Is 
not a surface but a deep-seated phenomenon; it 
is due principally to the presence of an infinite 
number of infinitesimal hard particles (usually 
carbides) dispersed throughout the whole mass 
fo complicate matters, the three alloying 
elements chromium, silicon and aluminum, when 


present in sufficient amount to give surface sta 
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bility to the iron, also derange the normal rela- and more recently by central steam pow 


tionships between the metal and its strengthening Depending upon the corrodibility of t] 
carbides, Ihe result is that the alloys of iron phase, the temperature and pressure of { 
which have highest chemical stability are so tion, and the expected life of the equi 
highly alloyed that they have the characteristics process before it is scrapped for a mor 
of iron rather than steel and cannot be strength- one, the designer selects carbon steel bo 
ened by heat treatment, whereas the true, harden- 214°, chromium steel, 5° chromium, 9 
able chromium steels are mium, 13°. chromium, 


not as corrosion resistant higher complex alloys 
material of constructi 
As little as 2% ¢| 


pronouncedly redu 





as might be desired. 

this situation is 
shown in two curves. The 
first shows the decreasing rosion by crude petro! 
scale loss of iron alloys high temperature and press 
with increasing chromium. but the 5‘. chromium 


The second shows that a 





few per cent of chromium ANNI 
1t Left Is Curve (After CLE. Mac0 
Showing Loss in Weight of '2-In.¢ 
{fter 48 Hr.in Air at 1835 ] 


alloved with 26 to 28% chromiu 





has considerable effect on 





the annealed properties ot 
alloys containing O.10°, 
carbon; but that increas- 


ns « hromium is thereaftet tains a tinted surface indefinit 








relatively less valuable as out further scaling up to 210 


a strength giver. Note the Below is plot showing that hik 








break in the curves at mium does not increase strengt! 








about 15°, chromium, Be- 4 8 1 16 20 24 2 &., carbon-iron allovs much in the 
low that figure the alloys fill ih — condition. Available figures | 
LE TI CL TL TOTTI ; : 

tion of area are erratic and | 





are steels and hardenable. 


Above that figure they con 

















tain so much ferrite, or alpha-delta constitu- Steels /7ONS 
ent, as to be relatively unaffected by heat treat- ; - 
ment — they are irons. ; Ultimate Strength 

Paves 56 and 57 of this issue may be con- t. 


sulted for data on the mechanical strength otf 





several commercial alloys in the wrought form. 


é 
. 








Castings will not be discussed here, not because - _ 
they are regarded as low-strength parts, but & 
in the interest of brevity. G 
os Q 50,000¢ - + 
As will be seen in the sequel, chromium is © 
a tremendous hardening element. But since IS 
il 8 40,000 Yield Point 
the stainless sfeels are almost always utilized q ° 
in the annealed condition, and the high chro 
7.000 


mium, low carbon irons are non-hardenable by 


heat treatment, the conclusion is obvious a a ne il 





i 
that the inherent possibilities of the alloys are ee «= BIN. | 
- ai 
° . —— i 
neglected. A notable exception is the case 
‘ ; ‘ ; ; 50 Ff t T 
of 18°. chromium, 8‘; nickel steel, which may be 
and is hardened and strengthened greatly by cold - oe 
° . . = aa © , > + + + 
rolling and wire drawing. & ee 
While alloys containing less than 13‘. chro- S eo 
Q 


, . » 30 Finnnatinn jn Try * ° | 
mium should not properly be classed as “stain- Elongation in 2In. et a 


less,” the chemical stability lent by even a little “a 





chromium has warranted the production of a 


whole series of lower chromium steels, used 


largely in the petroleum industry for still tubes, SC VEN 
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test tonnage. It is furnished, fabricated, 
the soft annealed state, and can hardly 
is a high strength material at least as 
m temperature tests and services are con- 


though it performs very well under heat 


ssure. It air hardens to an important de 
d this causes difficulties in fabricating 


welding, which must be done on pre- 


its and the joint immediately annealed. 


w changes have been known to occur after 
at high temperature, which reduce the 

ss of the cold metal, even though the hot 
; still quite reliable. Fortunately a fractional 


of molvbdenum in the alloy will prevent 























lreatment Will Develop Excellent Properties in the 
teels. V. L. Mochel. shows effect 
g after quenching from 1750°F. Steel at left had 
12.25% Cr: both had 0.099% 


LT SAS 


5 ss 5 Diagram. after 


Cr. at right carbon 


i 


tlement. 
fects of tempering at 800 to 900° F., 


the high temperature creep resistance. 


Molybdenum also mitigates the 
im 
On 


and 
Sick ot the picture, if increases scaling 
iterially. 

difficulties with welding the air hardening 
mium, and chromium-molybdenum steels 
n avoided by adding enough titanium to 
Six to eight times as much 
Metallurgically, 
is as though the titanium locks up the 


ur hardening. 


l iS carbon is 


necessary. 
t 
a compound which takes no place in the 
reactions, but is dispersed throughout the 
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non-metallic i 


microstructure, as inert as a 
clusion. 

Since chromium steels have been used for 
70 vears for their extreme hardness and 
strength, it is surprising that this property has 


thre 


PANTER 


attention (i 


and thr 


hot received COUTTS? 


S.A] 


mechanical properties in the heat treated con 


more 


steels use up to L.o0 


achieved in a 3 
Mere alt 
carbon steel will 


LSO.000 psi 


dition can probably be 


chromium, 0.30 carbon steel. cool 


ing of a 5‘, chromium, 0.10 


induce an ultimate strength of 


This inherent strength of the higher chro 


mium steels is merely potential, as far as 


equipment for high temperature, high 


pressure service Is concerned ait ait 


hardening characteristics are a_ positive 
detriment to welding, and for bending 


; tube expanding, and other fabrication 


S operations a soft, ductile alloy is required 


Likewise the properties that could be in 


duced by a quench and draw are useless 

5 : at a higher temperature than the draw 
The user therefore evaluates the material 

on the basis of first cost, easy fabrication, 
corrosion and = sealing resistance, creep 
strength, and retained toughness all in 


relation to the expected life of the equip 


mentin question, (Fabrication properties 


of all the stainless steels are summarized in a 
data sheet published in February's Mera 
PROGRESS, page 19.) 

[wo instances mav be cited where the 
chromium steels are used in the heat treated 
state Ihe first is in steam turbine blades 
where a combination of corrosion resistances 
hardness, strength, and endurance against re 
peated stress is demanded 

Graphs on. this pace sho the effect of 
various drawing temperatures after quench 
ing such steels from 17500 I The one at th 
left had 11.75 Cr, the one at the right 12.25 
Cr. Both had 0.09 carbon These are si 
near the limit where the allov no longer r 
sponds to heat treatment (or at least rather 
erratically) that narrow chemical limits must 


medium are 


be held, 


avoids ad 


and tempering ranges 
they respond to heat treatments ex 
aK tly as does a plain carbon tool steel, exc pt 


that temperatures and time required are modi 


fied in conformity with the natural sh ish 
ness of high chromium allovs 

In turbine blades the ultimate is about 
100,000 psi., and the toughness is exceedingly 
high. They are subjected to hundreds of mil 
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lions of stress applications in their useful life, rants more consideration. Its import 


and their fatigue resistance is quite satisfac- neering uses so far have been limited t 

tory (55,000 to 60,000 psi.) when tested either valves for aircraft engines (now supers d | 

at room temperature or at 700° F., in dry air, more complex steels), water pump sh 

dry steam, or humid air. If a jet of steam is helical springs. It is not a simple ma 

played on the cool specimens in open air, allow- handle or fabricate, but offers wonderful 

ing plenty of opportunity for liquid water to form ties to those who are not looking prim 

in the presence of ample oxygen from the atmos- low cost production. 

phere, the corrosion fatigue limit (N = 510") is It is worthy of note that the only 1 

cut about 15‘. ship with a metallic skeleton other than 
Even though most excellent properties are min, was the British R-101, whose girders 

available by heat treating, the desire to reduce highly stressed parts were made of a 

costs has recently led to reduction of carbon to chromium steel intermediate between the 

about 0.05°° or the addition of about 0.50°% and the turbine-blade types and contair ) 

aluminum to reduce the hardenability the alloy to 11°. chromium, 0.16 to 0.22°% carbon. A 

thus approximates the properties of iron.  Alu- tation to discuss this application at lengt 

minum has the same softening effect as titanium be resisted since it has been done in M 

in the 5‘+ chromium steels already described ProGcress for November, 1930. 

(although the microstructural changes may be However, it will serve to introduc: 
different). more successful use of another stainless ste 
Low carbon steels of the same general class entirely different nature, namely the 18 
are marketed in considerable quantity with mium, 8‘> nickel steels, ordinarily called 18- 

chromium going as high as 15‘¢ where corrosion in the manufacture of light-weight 
resistance is required. They may be used in the structures, 

form of heat treated bars, or in strip, cold rolled It is not necessary to discuss the 

to induce high strength. Most uses require fairly lurgical nature of this alloy. When qu 
vood physical properties and ease in fabrication; from a high temperature anneal it is a sing 
corrosion requirements are not the most exact- phase, non-magnetic alloy, a solid solut 
ing. Examples are coal screens, pump rods, valve iron, carbon, nickel and chromium. As show 
stems and seats, equipment subjected to waters in the table of properties on page 57 it is not 


coal mines, and cutting material and jordan bars 


for making fine papers (which must be free from 





iron and copper staining). A large quantity was pei . i 
; {tmospheric Condensation (** Sweat and Hur 
made into bolts and suspension rods or hangers = 

Cause no Marking or Change in Coloration in ! 


or » intake gates : Joulder Dam. , im- a aes é 
for the intake gates at Boulder Dam \n im Stainless Steels Used in Safe Deposit Boxes ani 


portant outlet is in bank vaults and interior trim 
chromium is then on the high side of the.12 to 
15°. range in order to increase the stain resistance. 
More advantage should be taken by engi- 
neers of the wholly unusual mechanical proper- 
ties of the original stainless cutlery steel, invented 
by Harry Brearley. As made in the United 
States, it contains 13.5°¢ chromium (slightly more 
than the turbine-blade type), and 0.35: carbon 
max. The curves opposite average the results 
obtained from three tests on each of ten different 
heats of this material. It possesses the same com- 
bination of mechanical properties as the chro- 
mium-nickel and chromium-vanadium _ steels 
widely used for high strength parts in automobile 
and other high speed machinery, and in addition 
stainlessness against the weather, food stuffs, lve, 
ammonia, and animal products, and resistance 
against scaling up to 1700° F, 


rhis original stainless steel, therefore, war- 











= 


strong in the natural state. 

ih the austenitic 18-8 is not 

le bv heat treatment, it does re- 

utifully to cold work. It Is 

t ultimate strengths of 150,000 

ld rolled strip — even 175,000 

of 200,000 psi. and over is be- 

juced regularly. The true pro- 

| limit of cold worked 18-8 is 

it is a high strength material & 

be flanged, bent, and other- 

id worked during fabrication, and 

verv stable so that it can be used 

sections without allowance for 

eric corrosion. It is well known 

material is so used for passenge! 

dies for high speed railroad trains 

structures and masts on ships, and 

strength members on airplane tails, 
s and control surfaces. 

Railroad applications have been so 


fined to passenger cars, for various rea- 


S e among which is the fact that the steel 
issenger car weighs 13 lb. for every pound of 
ssenger so there is a much greater chance to 

save weight than in freight cars which weigh 


{0.3 lb. for every pound of pay load. Much 
st be done in the high speed trains beyond 
ig the structure, for only one-third of 
ht is in the body, whereas one-third is in 
ippointments and one-third in the trucks. 
Nevertheless, it would appear that every pound 
saved in the body and appointments will save 
ibout 1's lb. in trucks and power plant. 


ese trains have proven all that can be 


asked for in reliability; operating costs are 
KI n to be enough lower than steam trains to 


retire the investment in two years. Running 


schedules are fast, and the public is patronizing 
them. The Burlington railroad, which pioneered 
us development with four articulated trains 


(1 totaling in mileage over 1,000,000) has re- 


cent ordered two 10-car trains for a 16-hr. 
schedule between Chicago and Denver, making 
seven stops in 1040 miles. Compare this with 26 
iM e fastest steam train now on this run! 

designing these passenger cars the en- 
gu s attempt to make a more eflicient use of 
amore efficient metal. No reduction in factors 
of ty is permissible. Since the roof and floor 
al dispensable and continuous members, they 
ar lized as the top and bottom chord of a 
la bOX beam, and trussing along the sides is 
ce ted to take the shear stresses. 


ning difficulties have been solved by so- 
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Sv 20 é IPO elusre 
The Original Stainless Cutlery Steel, Invented by 
Brearley. Has Strength. Hardness and Ductilitv Wear- 
ranting Van, Engineering {pplications. kach point 


is average of 30 tests on 10 heats. (AfterO. Kk. Parmiter 


called shotwelding, which welds a series of small 
spots or overlapping spots (seam) between fay 
ing surfaces, using only enough time and heat to 
form the weld. This reheats or softens only the 
tiniest solume of adjacent metal 

When intended for car building, 18-8 is sup 
plied in coils of strip, cold rolled to a minimum 
tensile strength of 150,000 psi The strip is then 
put through a series of rolls to form various ele 
ments of the structural sections. Such sections 
are then fastened together into sub-assemblies 
designed to permit extensive use of automat 
welding. Metal in such fabricated beams should 
be placed as far from the center of gravity of the 
section as possible, vet web members must be cor 
rugated to prevent buckling in shear, and com 
pression flanges also properly stiffened. All flat 
areas in compression must be supported or stif- 
fened by beads, corrugations, or by auxiliary 
members. 

Problems connected with light weight con 
struction are, of course, intensified in aircraft, a 
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matter discussed at some lensth by W. L 
Material for 


struction is furnished in sheets down to 0.005 


sutton 
1 of this issu urcratt 
thick old rolled to ultimate tensile strength 


either 150,000 or 185,000) psi., and elongation 


respectively Seamless tubing of 

streamlined cross-section, cold drawn 
vy thin wall and 175,000) psi. ultimate 
trength, is also availabk Bar stock of 125.000 
psi. is 


bers have their | neoths between clevis or screwed 


usually specified, although tension mem 


ends cold rolled to 200,000 psi. ultimate 


While most of the 


of aluminum construction, and stainless steel is 


ill-metal aircraft are now 


therefore encountering an entrenched position, it 
is competitive in many locations both in strength- 
velght ratio and ultimate cost. Much more use 
has been made in England than here; there they 
favor a steel containing 18‘, chromium and 2 


1hi¢ kel 


Seaplane floats and bodies are especially 


good applications Exposed tierods, 
bles, and tow ropes are standardized 
U.S. army and navy aircraft 

lor work aboard ships thi 


issociated with the larg 


re largely i 
scantlings of ordinary carbon structural 
plate necessary to insure safety even aft 


COrrosion 18-8 is considered more 


mune to abuse by heating and can bi 


silver soldered with freedom in emet 
pairs. Weight saving on the top sides 
cially valuable in increasing the stabilit 
ship in heavy weather. There are mat 
tant naval applications of the corrosior 
steels (including the chromium-iron al 
forgings and fabricated forms other tl 
sheet, including fittings on water-tight 
davit fittings, and non-magnetic parts i 
of the magnetic compass, as well as p 


tubes, clearing lines, and submerged cont 


The * Mark Twain.” a Zephyr 7 vpe Train for the Burlington System, 


Leaving the Budd Shops for the 








H est. 
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nes Pitting ivp of corrosion. to 


s susceptible in stagnant sea water o1 


~ 


ns deficient in oxygen, prevents its 
plication where it would constantly be 
tact with sea or harbor water 

r source of serious trouble in the early 
the alloy one of the “growing pains.” 
, is associated with the fact that its 
structure is metastable, that is, it 
recipitates carbides from solid solution 
it temperatures between about SOO and 
heoreticalls the tendency to precip! 
sts below 800° F 
it formation and precipitation is prac 
Above 1600 


carbon allov re-enters the region where 


. but atomic mobility is so 
F., the upper limit, 


rrozen. 


is the true stable phase and any precipi- 


ibides are taken back into solution. 
temperatures vary with the carbon, the 
widening at both ends as carbon in- 


s.) Practically the method of insuring a 


istenitic microstructure is to reheat a con- 


siderable time at 1800 to 2100° F., (depending on 
bon content) long enough to redissolve car- 


pides precipitated in its former stays at lowe! 
temperature, and cool as quickly as possible. 

The above action (namely, precipitation of 
an excess constituent from solid solution) is the 
essence of hardening. It is exactly in line with 
the so-called precipitation hardening utilized for 
the strong aluminum allovs. But unfortunately 
in 18-8 the excess constituent does not precipitate 
as a cloud of particles throughout the metal, as is 
necessary for useful hardening, but the sluggish 
action is largely confined to grain boundaries and 


to slip planes in cold worked material. Furthe 


more, the carbides are high in chromium, and 
rob the solid solution immediately surrounding 


them of so much chromium that what is left be 


lis insuflicient to protect the iron from: cor 
. Hence a corrosive solution or active gas 
to the impoverished films between grains, 
metal becomes embrittled even if, in 

t totally disintegrated. 
less such a condition can be corrected, the 
‘S-S would be seriously limited in high tempera 


| 


d corrosion resisting service. Likewise all 


operations would precipitate grain 


rv carbides in some portion of the metal 


; 


itely several correctives have been found 


cannot take time to discuss these cor- 


SIX In number. It must suflice to say 


me most used acts in the same way that 


irdenil y chromium steel is con- 


a) 
1g, 


» soft “iron” namely, adding enough 
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titanium or columbium to lock up the carbon in 
harmless particles, and processing the metal so 
that the chromium-nickel-iron solid solution is 
und corrosion repel 


“stabilized” 


substantially homogeneous 
lant. Such metal has been called a 
should evi 


alloy (nv metal added in welding 


dently be supplied from rod or electrode con 
taining ample titanium or columbium to produce 
a resistant alloy at the joint. 

that this tendency to change its microstruc 
ture has not militated against its utilitv is proven 
records of equip 


by service high temperature 


ment in the chemical and petroleum industry 
lhe creep resistance (or resistance to slow defor 
mation under high stress and temperature) is so 
high that tubing is made of it for super-powe1 
plants, and warrants the statement that this ma 
terial is the best so far developed to meet severe 


conditions up to 1300° F 





a 


losd in lb.per Sg./n. 














Creep Resistance of 18-8 Steel C as determined by I 
H. Norton After 31,000 Hr. in an Oil Sull at 600 
Lb. and 950°F.. Is Very Close to That of Similar 
Steels A and B Tested kresh From the Steel Mill 


Insiallations in’ petroleum cracking units 


handling corrosive western crudes have operated 
ippreciable 


without 


hott st 


VO! 25.000 stream hours 


corrosion or erosion in_ the locations 


where carbon steels require replacement every 


60 davs. In fact, the material long outlives the 
useful life of the rest of the equipment and has 
caused the oil man to turn to less expensive, 
lower chromium steels 

One might assume that the changes occurring 
in the microstructure in the SOO to 16000 tempera 
ture range would seriously impair its utility, but 
extensive tests on 18-8 withdrawn from long sery 
ice in oil refineries show no decrease in creep 
resistance or increase in micro-grain size. Tough 
ness remains high—- Charpy impact 45 ft-lb. o1 
higher. Conditions existing in a petroleum still, 
either inside the tubs Continued on page 104 















































Properties of the Principal Cr-Fe Alloys 
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WIDENS THE SCOPE OF 
STAINLESS STEEL APPLICATIONS 


Phe phenomenal expansion in the 
use of the stainless steels reflects 
the remarkable adaptability of this 
interesting family of alloys. 

When added to alloys of this 


ly pe. nickel improves ductility. 








assuring satisfactory response to the ordinary are easily welded, 

fabricating operations. It refines the grain and in- Phe high streneth-to-weight ratio so obtait 
creases resistance to Impact and creep al elevated has led to the use of stainless steels of this t 
lemperatures. Nickel also enhances the corrosion a wide variety of structural applications ' 
resistance properties and thereby extends the field bly. for high-speed railroad trains. passeng 
of usefulness of stainless steels, bodies. deck structures and masts on ships 


strength members of airplane wings and 


| 





Stainless steels of the 18-8 variety respond well 





to cold work and ultimate streneths in sheet and lages, 
strip around 200,000 p.s.i. are readily attainable. Consultation on problems involving 
In this condition, they can be flanged and bent and of nickel and its alloys is invited. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 WALL STREET, NEW YORK, N. Y. 
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ter the Cleveland Chapter, 


{.85.M.. held a series of round 


ferences; one was devoted to electroplating, wherein was 


he necessity of sending nothing but scrupulously clean work 


plating tanks. 


This article tells how 


it can be done 





Cleaning Before Plating 
. ~ 





In rue art of electroplating, more so-called 
plating troubles can be traced to the treat- 
” t of the base metal before plating than to 


er factor. One may have the finest plat- 
in the industry and the most skilled 


charge but give him dirty base 
F i! and the finished plating job will be highly 
: satisfactory. These faults may not be apparent 


but bevond a doubt they will bob up to 


he plater before many weeks have passed. 
the importance of adequate cleaning 
cleaning of metals before plating (with 
lar reference to ferrous metals) can be 
subdivided into three steps. The first 
remove the oil or grease. The second 
remove the rust and scale. The third 
ove the carbon smut. 
ise and oil on a metal part coming into 
s department may be any one or a com- 
of various substances. It may be a 
nineral oil of the light body type 
lushing oil; it may be a heavy mineral 
is often found in drawing compounds; 
i vegetable oil which constitutes a num- 
drawing compounds and soluble oils; it 
an animal oil such as found in buffing 
nds and some quenching oils. Job shop 
must of course contend with all types 
’ ikes it very difficult. Fortunately in a 





June. 1936: 


shop such as Firestone Steel Products’, it is pos 


sible to control the types of oils to suit the 


rather than attempt to control the 


cleaners 
cleaners to suit the oils. This is distinctly recom 


mended as being by far the lesser of the two evils 


The first step in metal cleaning that of 
removing the grease and oil can be consid 
ered in three principal subdivisions The first 


and most commonly known is that of solvent 


degreasing, 


Solvent Degreasing 


this merely implhes the soaking of the oily 
article in some organic liquid in which the oil 
in question is soluble Familiar solvents of this 


nature are gasoline, benzene, xvlene, and carbon 
tetrachloride In favor of this method is the 
speed with which a relatively clean article can 
be produced; furthermore such solvents will dis 
solve almost all types of greases encountered 
In some cases where extremely heavy films of 
tenacious grease are encountered, particularly 
those having had a chance to “set up” or partially 
oxidize from long standing, it is advantageous to 
remove the worst of it in a solvent cleaner 
irrespective of the final cleaning methods em 
ploved. 

Several undesirable factors are involved in 
however, which tend to de 
With the exception of 
related 


solvents nre com 


solvent degreasing, 


crease its popularity. 


carbon tetrachloride and chlorinated 
hydrocarbons, most of the 
bustible 


plosion hazard. Also there is the 


and consequently present a tire or ex- 


question ot 
benzene ire definitely 


toxicity; the fumes of 
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hevit Side of Large. Convevorized. | apor-1 ype Degreaser 
Lenders and Other Sheet 


sull for removing solids 


l sed for Cleaning Automobil 


Vetal The 
and oil contamination from the 


Photo ( eurlesy Lh froil 


Parts. continuous 
solvent ts shown in the 


Re \ Products Co. 


foreground. 








poisonous and the effect of the vapors from 
some of the other mediums on the human 
system is open to dispute. (In all fairness to 
the promoters of various solvent cleaning 
methods let it be said that they can present 


very convincing evidence that for particular 


solvents, at least, the toxic effect is more myth 


than fact.) From the plater’s viewpoint simply 


immersing a grease-coated article in a solvent 


is not adequate because the ase 1S merely 


Ore 


diluted and not entirely removed; the dirtier 
the solvent becomes with continuous use the 
heavier the film of grease becomes as_ the 
article to be cleaned is withdrawn and the ad 


hie ring solvent allowed to evaporate. Finally, 
solvent degreasing is too expensive unless the 
volume of production warrants the installation 
of suitable equipment for distilling the solvent 
grease and dirt for re-use. 
ol 


the 


one method should be mentioned which 


from the accumulated 


Before leaving subject solvent de- 
g 


oreasing, 
is particularly good for handling heavy coatings 
oft difficult to clean in 


mineral oil that would be 


alkali alone (as later to be described). The work 
to bye cle aned is soaked, brushed or sprayed with 
ol 


sifving agent. 


mixture light bodied solvent and an emul 


orease 


_ 


The solvent penetrates the 
and oil, loosening it and carrying the emulsifying 
agent into the film, there to become intimately 
The work is then 


mixed with the dirt and oils. 


rinsed in rapidly flowing fresh water, the dirt is 


immediately deflocculated and the oils carried 
awav in emulsion. This treatment should be fol- 
lowed with a short alkaline soak to remove the 
final traces of oil to give a clean water break. 
Vapor Degreasing 

As the second subdivision in methods of 
erease removal, the tvpe of cleaning known as 
vapor degreasing is mentioned. As a matter of 


fact, this also is solvent cleaning, but the refine- 
ment of the procedure makes it worthy of sepa- 
rate consideration 

In this instance a more elaborate equipment 
is emploved, consisting in the main of a metal 


receptack with a reservoir for the solvent in the 
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bottom which is heated by steam, gas 
tricity and a cooling jacket at the to 
densing the vapors. The closed spac 


the surface of the heated solvent and tl 
jacket is saturated with hot vapors. 1! 
to be cleaned is passed through this 1 
being comparatively cold, the vapors 
on the surface of the work, dissolve thy 
grease and drip off into the reservoir b 


Any 


solubl ; 


inorganic dirt on the work 
of 


equipment can be had that combines bot 


course is not removed H 
degreasing and vapor phase degreasing 
thoroughly clean almost any combinat! 
and greases. In them the work is soaked 


boiling solvent where all of the greass 
oughly loosened and the included dirt 

away mechanically by the rapid moven: 
boiling solution. This step is followed b 
in cold, clean solvent to cool the work an 
dilute 


finally 


any remaining grease. Then the 
to the treall 


There is no doubt but 


subjected vapor 


tioned before. 


highly efficient and thorough. 


One of the advantages of vapor a 
is that the work is absolutely dry whe! S 
from the vapor and can be stored 


periods without danger of tarnishing 
factor in favor of vapor or solvent-vapo! 


is that such soft metals as zine, lead, 


die castings, copper, brass can be treater 
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corrosion or staining, as often occurs 


ine cleaners. Solvent plus vapor degreas- 
robably the most rapid method available, 
min. being the total elapsed time for go 
such the Phere 


some criticism against the boiling of 


three phases described. 
lirst 
ited hydrocarbons, as it was claimed that 
lecomposed to liberate hvdrochloric acid, 
s objection has since been overcome by in 

the purity of the solvent or by adding 


inhibitors where ne cessary. 


Alkaline Cleaners 


he third class of metal degreasing, and no 
the most widely used, is the alkaline clean- 
ath. Any attempt to describe the hundreds 
mbinations of various alkalies and soaps in 
ould be 
the alkaline 


beside the point here. Irrespec- 
cleaner used it is suflicient to 
it its cleaning action depends mainly upon 


reactions. First is saponification, where 


ee active alkali in the solution attacks the 


il and vegetable oils to form water solubl 


second is emulsification, where the soaps 





ip substitutes attack the mineral oils, break- 


»p the film on the work and causing it to be 


ded in the cleaning medium in. tiny 
les; and third, the mechanical action ob 
d either by rapidly agitating the solution, 


troducing some insoluble ingredient in the 
lo impinge on the work, or by employing an 
current. There are other phenomena oc 


sin alkaline cleaners of greater or smallet 









} 
' 


but broadly speaking they reinforce: 
the 


mice, 


prove one or all of main functions 








For practically all alkaline cleaners to b 
used in heavy duty tanks the principal ingredi 
is caustic soda. To this is usually added soda 
ash, tri-sodium phosphate, sodium silicate ané 
not uncommonly a little soap the market is 
swamped with hundreds of good, bad, and 
different proprietary cleaners. Every distributo 
has some advertising point, or points, which ly 
stresses with great cloquence llowever, wl 
actual chemical comparisons are made, it 
found that basically they are much alike, com 


posed essentially of the ingredients mentioned 


above in varving amounts to obtain the caustici 


desired for definite cleaning purposes In add 
tion, several pre-mixed cleaners contain appre 
clable amounts of insoluble substances in wate 
to serve as scrubbing agents and to assist in thy 
dispersion and suspension of the solid dirt and 
oils hese ivpes ol cleaners are mad 1) 
solutions of from 3 to 8 oz per gal. and used 
hot as they can be hie Id. usually neal boiling 
hose who ae sire to do SO may TEN their own 


cleaners and obtain highly satisfactor 


Where thie 
this 


alkaline 


results. cleaning bath is) unde 


chemical control method is probably tl 


economical, because when one of the cor 


the bath 


more 


ponents of becomes exhausted if 


be added individually rather than adding all the 
components as would be necessary in a_ pre 
mixed cleanet It is not the purpose of this adlis 
cussion, however, to favor one method over the 
other. As a matter of fact, both may proper! 
be used: we have proved thre superiority of thre 


jobs 


one over the other for specifi 


When cleaning is to be done merely b 
ing the article in a solvent, the equipment re 
quired is very simple \ steel tank provided wit 
closed steam coils and an air line for agitat 
is all that Is required eit ork ma be racked 
or stacked in baskets in a proper manner and 
lowered into the solution lhe time required 
depends directly upon the nature of the rea 
ind the efficiency of the cleaner 

Electrolytic Cleaners 
fhe efliciency of alkaline cleaning baths 


creatlhy enhanced by thre appli Teel oft direct 


kelectrolvtic Caust« lank, H oath 
Raised to kxvit End and Hot 
cathodic 


Hlood- wriati 
Note 


throughout thie 


Canvas 


Shou Ho ater Rinse 


break in electrode bars: work is 


tank. but just before leaving the solution it becomes anodi: 
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rent. Although cathodic cleaning is the practice 
at Firestone Steel Products Co., and is superior 
for our conditions, there are some who believe 
that anodic cleaning in alkaline solutions is 
somewhat better. 

Cathodic cleaning that is, connecting the 
work to the negative pole — is particularly effec- 
tive because of the scrubbing action of the hydro- 


ven vas liberated at the work. Rather high 


Convevorized Sulphuric 


current densities are employed, (40 to 60 amperes 
per sq.ft.) so that the volume of hydrogen is quite 
coplous. This localized violent action loosens 


and dislodges the grease and dirt which is then 
saponified or emulsified, as the case may be, and 
carried away into the solution. It is necessary to 
guard against metallic contamination in this type 
of bath because any metals present, such as cop- 
per, lead, tin, iron and zine will plate out on 
thre work. 

Som 


operators have specific reasons for 





preferring the work to be the anode or 
electrode. In this case the action does not 

upon the scrubbing action of the evolved 

rather upon a “plating off” effect; the met ds 
to go into solution. To prevent too s¢ 
attack on the work it is necessary to k 
current density much lower, usually al 
amperes per sq.ft. Soft metals such as 


alloys, lead, tin and zine cannot be cl 





{eid Tank for Pickling Rim Sections and Flat Bar Stock 





this method if the smoothness of the sur! 


Important because the etching action 
ionized solution is too severe. 

The composition of the baths used 
trolvtic cleaning is about the same as for s 
baths except they are usually not quit 
centrated. We have been quite succes: 
cleaning drawing compounds from steel 
ings with about 3 oz. per gal. each of caus! 
and soda ash. On _ several occasions 


sodium silicate mixtures have been used 
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nforced with a little caustic, cleaned 
tly. but these solutions gave a particularly 
is foam itself 
hvdrogen and exploded with terrific 


which saturated with 
whenever a spark from a short circuit 
king contact ignited it. No damage would 
but it was disconcerting and nerve- 
», to sav the least, when approximately 
ft. of foam would explode beneath one’s 
ien least expected! 
the cleaning of steel inserts for rubber 
rs and motor supports, tri-sodium_ phos- 
s formerly used in small concentrations 
bath, but under 


electrolytic cleaning 


conditions it tended to stain the work, 


—— 

, 
robably with an iron. phosphate coating, 
which made the steel immune to subsequent 
yickling ope rations. Since then its use has been 
al doned, apparently with no decrease in the 

ud 

. 


efliciency of the cleaner. It is not necessary to 
add any soap to our mixture because we are con- 
stantly cleaning a large volume of work coated, 
in part, with vegetable oils that are converted to 
soap by the free alkali. In other plants the work 
to be cleaned may be coated entirely with mineral 


oils which do not saponify, and additions of soaps 


| 
or soap forming substances would then be 
necessary for an adequate job. 

~~ y : 

= Removing Scale and Rust 


the second step in the cleaning of a metal 
before plating is the removal of mill scale and 
rust. There are two principal methods; the first 
is some mechanical method such as sand, steel 


} 


shot, or grit blasting. As the name implies the 





rust and scale is literally blown from the surface 


of the work. Where a polished surface is not 
required after cleaning there is no doubting the 
eflicacy of this method. However, blasting, grind- 


ind other mechanical means are compara- 

expensive and not applicable to a number 

~ t the parts which the plater is called upon to 
ss, because of their size and shape. 

the second method, and most commonly 

is the chemical means of treating with 

usually called pickling. This was ex- 

vely described by Messrs. McCollam and 

\ ck in last month’s Merat Progress. In 

g the adhering oxides are either dissolved 

acids or sloughed off by dissolving the 

underneath. For ferrous metals the most 

m acids are sulphuric and muriatic. Sul- 

acid is cheaper, muriatic acid is faster, 

ss tendency to pit the work and is effective 
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at lower temperatures. Whereas muriatic acid 


can be used in concentrations up to 50°, sul 
phuric acid loses its efliciency if stronger than an 
IS to 20 solution. 

Sulphuric pickles are alwavs heated to at 
least 140° F., with 160 to 180° I 


practice, while jobs that require 


being common 
a particularly 
drastic pickle in a short time may require tem 
peratures in excess of 200° F. High temperatures 
however, 


are to be avoided whenevel possible, 


as the hotter the bath the worse the fumin Phi 





klectrolvtic Bright Dip at kind of Cleaning Operation 


The work is anodic ata current de nsityv of 100 lo 125 


amperes per sq.ft. in a 50% cold sulphuric acid 
solution. The carbon film left on the metal surface by 


the pickling operation ts removed by this treatment 





Roughly, i 


increase in temperature will double the 


control of temperature is important. 
20° F 
speed of pickling. 

Other acids or combinations of acids are used 


Hydro 


fluoric acid is used alone, or more commonly with 


for specific pickling or el hing purposes 


sulphuric acid, for dissolving sand or silicious 
scale from castings. Nitric acid pickles are val 


uable for certain alloy steels, copper, copper 
alloys, and others. A combination of nitric and 


hydrofluoric acids has been found effective for 
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removing scale from stainless steel. Mixtures of 

sulphuric, nitric, and muriatic acids are also 
commonly used for scaling brasses. 
Klectroly tic Picklin 

Klectrolyvtic pickling is commonly used to 


hasten the job and for other specific reasons. 
Whether the work is made the anode or the 
cathode depends entirely upon the composition 
f the metal and the degree of etching anticipated. 
\nodic pickling is usually the more drastic and 
pitting will be encountered if not carefully con- 
trolled \nother disadvantage, unless previously 
miticipated and allowed for, is the formation of 
passive films When the work is made the 
cathode the large volume of hydrogen gas liber 


ated at the work helps mate rially to lift the seale. 


Also the 


a powerful medium for converting the oxide 


reducing effect of this atomic hydrogen 
1s 
present to its respective metal. 

has come into 


Recently alternating current 


prominence; it is particularly adapted to the con- 
tinuous pickling of steel strip. A sulphuric acid 
bath of approximately 15‘. strength is used with 


two electrodes submerged in it between which the 


steel strip is drawn. At 10 to 15 volts a current 
density of 100 to 150) am 
peres per sq.ft. is generated 
this is said to be a very 


rapid method for removing 


rust and scale. 


The third and_ final 
operation essential to proper 
cleaning of metals” befor 
plating is the removal of the 
smut left by the pickling 
operation. This smut may 
be any insoluble material in 
the metal remaining upon 
the surface as the solubl 


portions are dissolved away. 








thre 


barre Is 


bby scouring action of the abrasive. 
lhe of 
alkali or a soap to assist in the cleaning 
the 


have 


; 


rotate in a solution som 


rusting 


work from 
to be 


brushes. 


and to preve nt 


articles may scoured by 


wire wool or steel 
Chemical methods are also employ 
thie 


\n electrolytic bright dip made up 


removing the films left by pickling 


tion. 


00°, sulphuric acid maintained below 8&0 


suitable cooling coils is an effective 


from. steel. rh 
thre 
to 150 


Under these conditions the 


for removing carbon ( 


the 


about 


cl 1S 


work is rapidl 


anode: current 


100) 


is inade 


quired is amperes 


dered passive, pickling ceases and the car 


oxidized or swept away in the oxvgen evol 


Numerous other bright dips are em, 
for non-ferrous metals. A flash dip in nits 
is effective for copper. Brass can be bris 
by a number of mixtures such as muriat 


and zine chloride, or a dilute mixture of 
Dilute 


sulphuric and muriatic acids. nitt 


is also an effective brightener for stainless 


In addition to the mechanical cleant 
the use of various acids it Is advantag 
finish cleaning, particularly ferrous met 

brasses, with a cvanid 
For this purpose a 


SO) 


line sodium cvanid 


is used consisting ol 
) 


oz. per gal. each of 


evanide and caustic sod 
rect current is employes 
suitable reversing 

at the 


the polarity 


a 
anism 
that 
cal 


polarity 


CCHC! 


is ¢l 


definite intervals 


Is reversed { 


our stripping 
thre 


SCC, 


soc. Sa 


that 
for 


; 


IS Iie 


thet 


We rk 


IS, 


ou and 











the most common example cathode for 30 sec. 
of this smut is the carbon bined action will red 
film which forms on ferrous oxides remaining and 
metals while pickling off the metallics. | 

In the majority of shops able gassing occurs U 
this is removed mechan- solution; this also t 
ically. If the work is of such sweep away any loos 
a size and shape that it can Perrence A. O'Neil naceous material whi 
be readily tumbled it is Ever since graduation, B.Se, in chemistry have escaped the pi 

from Lniversity of Nebraska, 1930, cleaners. 


dumped into a rotating bar 
O'Neil has been studvin 


rel containing steel — stars, 

plating of tire rims and 
sand, or anv abrasive mate ; 

ings for the Firestone 
rial, and the smut removed 
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Steel Products Co. 
SAN ET ELAS SNR RRM 


g the cleaning and The work should 1 


other steel stamp- 


scrupulously — clean 


ready for plating. 
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Notes on large-scale applications in the Chicago 


stockvards for packing equipment where resist- 
ance to meat juices, water and disinfectants is 


necessary during continuous and hard usage 





Meat Packers Use Stainless 





wear packing industry there are 


il reasons for paving close attention 


of meat-handling equipment 


bevond the normal processes of rusting 


yndition 


the latter is of great importance, as 


ho has left some tools out in the rain, or 
had to renew downspouts on his home, 
iled siding on his shop, well knows 
tis reliably reported that more steel con 
elf into rust during the depression vears 
verted from iron ore by man in the 


rid in the corresponding time. 

ed in this light, the extra cost of the 

inless steels becomes an eventual econ- 
lhe meat packing industry was one of the 

lize this, and adopt the metal for many 


20 or 30 vears 


lf it had been availabk 
ck 


packers would undoubtedly have 


d its possibilities and installed it in equip 


echeration ago, 
matter of fact, stainless steel is a rela- 
metal, and while it was discovered in 


d just prior to the War, it was not manu- 
this country in sizeable amounts un 
1925. There then the of 
convincing equipment manufac 


ev should build machinery from it, and 


was matter 
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consuming industries that such ma- 
should be bought. There is alwavs a 
ring the introduction of a new method. 
1 or a new material when there is a 
iy © ( Snyd 
\] ) 
June, 


i 


decided lull Ihe users must be convinced that 
it is a superior method or a better product than 
their present ones. Time is required for tests and 
experimental work And then, to be sure that 


results were not accidental, tests are repeated 


and equipment builder must learn 
Some 


thre 
Phi 


the fabri ating « haracteristics of the 


machine 
metal 


limes new shop tools were needed to work stain 
less steel prope riv, for it Is tougher and twice as 
strong as common steel and many times coppet 
aluminum and other non-ferrous allovs 

This dormant p> riod for stainless steel ended 
about 1929. It has passed adolescence and ts 
now mature Fabricators have placed them 
selves in the position to produce high quality 
stainless steel machinery There is searcelyv a 
packing plant of any consequence that does not 
utilize it to a considerable extent and wher 
further equipment is to be purchased it will by 
specified in stainless 

We, as representatives of the steel industry, 
have an interest in this, sincerely believing as we 
do that the greatest good for the greatest numbet 


will result when much of our present short-lived 


metal is replaced with endurin illo, Conse 

quently we made a careful survey of the packin 

plants in the Chicago region, endeavoring to find 
stainless steel should be sca 


out exactly where 


and whv. where other metals had failed | 


or caused acute dissatistactiol md where 


ic‘¢ 
ordinary steels and irons are plenty good eno 


heen of both to 


These data have utmost service 


and our customers 
What are the properties of stainless steel that 


ive made it so valuable to the meat packin 
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plant, to the dairy and ice cream manufacturer, 
to the food and baking industries, as well as to 
numerous Other industries not associated with 
foods and meats? There are a number of them, 
among which the most important are: 

1. It does not rust or corrode in contact with 
meats, meat juices, or the substances used in the 
preparation of meats. 

2. It does not impart a metallic taste, flavor 
or color to meat products. 

3. It retains its bright, shining surface in- 
definitely. Cleansing as required for sanitation 
purposes 1s all that is needed. No polishing or 
scouring is necessary, as there is no rust or cor 
rosion to remove. 

1. It is entirely resistant to salt, brines, 
cleansers and sterilizers, 

». Because it is a tough, hard metal, it is not 
subject to wear, denting or breakage. 

6. It is not a plated metal, hence there is no 
coating to wear thin, exposing a corrodible metal 
beneath. 

7. And finally, in view of the previous state- 
ments, it follows that the points nearest the 
pocketbook namely maintenance costs — are 
greatly reduced. To those who have stainless 
steel equipment in service, this last remark is 
superfluous. 

This is not the place to give a disserta- 
tion on the manufacturing methods. It is 
enough to say that sheet metal, plate, bars, 
rounds, pipe — all the common wrought prod- 
ucts — are available in a series of high chro- 
mium-iron alloys and chromium-nickel-iron 
alloys. Chromium is the element that is or- 
dinarily regarded as lending corrosion re- 
sistance to the alloy, as this property increases 
almost proportionately with the percentage of 
chromium present. A whole series of alloys 
is available in the range from 11‘. up to about 
28°. chromium; the members of this family 
which are very low in carbon have good 
workability and fair weldabilitv; the mem- 
bers which are high in carbon include the 
excellent cutlery steels —- true steels, harden- 
able by quenching and tempering. 

Some difliculties with the plain 18°¢ chro- 
mium alloys are avoided by adding 8° nickel, 
giving the well-known 18-8. This is the most 
popular one in the meat packing plants. It 
has greater corrosion resistance than the 
straight chromium types, and furthermore it 
has better fabricating properties, being more 
ductile, and lends itself better to welding. 
18-8 also has very low carbon content, under 





0.12'.: even a low 
specified when the 


welding. 





er limit in carbon s! 
‘ equipment is fabri 


As seen in the table of physical prop 


pages 06 and 57 of 


this issue of Merar | 


all the stainless steels in the annealed ce 


have vield points 
10.000 pSi., and te 
90,000 psi. Whena 


>= 


somewhere around 3 
‘nsile strengths of 71 


hard temper is requir: 


as for conveying belts, springs, or simil 
18-8 can be furnished with 150,000 Ib 


strength or higher. 


Hard, wear resista: 


are best made of the chromium-iron allo 


higher carbon, in the form of forgings 


ings, properly heat 


treated. 


Finally, some of the more important 


cations in Americal 


enumerated: 


1) meat packing plants 


1. Several large plants have viscet 


for use with hogs, 


beef and sheep, of | 


tvpe of stainless steel, Federal inspection 1 


that the tables be kept sanitary, and a 1m 


rodible material is 
fectants used on th 


these surfaces can be cleaned is truly remar! 


desirable to resist th: 


e pans. The ease with 





Pans, Chutes, Bins, Perforated Table 1 


and Piping, 


hog casing 


{ll of Stainless Steel. Worl 


department of Wilson & ¢ 


( . 








the manufacture of sausage, the stuf- 
linking tables are of stainless steel, as 
meat conditioning 


he stuffer worms, 


tables, and sausage hanging and dis- 
lividual ham and meat loaf boilers. 
veving belts, sorting and cleaning ta- 
variety of uses. 
fal tables and chutes. 
n slicing tables. 
ibles for the wrapping and packing of 
als 
Ml machine blades 


lting kettles, mixing 


iding table blades for oleomargarine. 
ork cutting: Ham trimming, skimming 
uulder bench, and benches for boning 
Pork curing and salting tables. 
ic start I mentioned that the annual toll 
rust and corrosion was about 67,000,000 
iron and steel or roughly three billion 
per vear. The meat packing industry is 
contributor to this “Rust Racket,” as it 
SO aptly termed. There is now a read- 
ible means of putting a halt to these 
S ing losses. Stainless steel is the weapon; 
cannot be expressed any better than in 
rds of one of the engineering fraternity, 
said, “I let stainless steel take care of the 
sion problems and I spend my own time 


ng the plant! 





D) Chicago Century of Progress | vposition, 
People Saw the {rmour ** Red He ads” Pac king 
{} 


Beef Into Cartons. Here is one of the Red Heads 
int; the stainless table top reflects cleanliness 





June. 


1936: 





Rapid Fatigue Test 
By J. W. Cuthbertson 


Condensed from Carnegie S¢ holarship Veemoirs 
British lron & Steel Institute 


THERE IS a fixed stress for a given material 
which can be repeated an infinite number of 


times at a given frequency without causing fracture, 





but if it is exceeded by a small amount failure will 
ultimately occur. In testing steels at room tempera 
lure, a basis of 6x10° reversals of stress is standard 
practice, and hence, if the stress frequency is 2000 
cycles per min., the shortest time for a test in th 
vicinity of the fatigue limit will be a little over two 
days \ similar test on duralumin would require 
nearly 35 days, and heated steel bars are in a class 


intermediate between these two extremes Much 
study has therefore been given to rapid tests 

In the case of all materials so far examined by 
the writer, the discrepancy between the “rapid” 
fatigue limit to be described and the true endurance 
limit has proved too small to bear any practical sig 
The troubl 


test gives too high a fatigue 


nificance is usually not that the rapid 


limit, as is frequently 
asserted, but rather poor definition of the exact point 

In this work a cantilever test piece of tapered 
chucking into the 


dimensions and long ends for 


rotating and loading devices respectively is used 
Deflection measuring equipment, accurate to 0.00001 
in. IS necessary In the test the deflection of the 


rotating specimen is plotted against the load causing 


it, as the latter is increased by steady increments 
For moderate loads this line is straight: the tatigue 
limit is deduced trom the position where tl T 
shows a slight bend or offset the “vield 


As a result of tests, numbering some 2ov 1a 


ol all vs botl 











ferrous vl on 





metals and 





variels 











ferrous, it is concluded that the initial part of the 
load-deflection curve is never linear, the str tend 
ing to increase more rapidly than the strain Phe 
effect appears to be an inherent peculiarity of the 
method of testing, and in extent and durati vill 
probably vary with different testing machines and 
different forms of specimen When conducting a 
given test this erratic portion at the very start of the 
load-deflection curve is neglected, and with 
tinuous loading the author has never experienced a 
subsequent recurrence 

lo investigate the effect of variation tn the load 
ing rate on the accuracy of the rapidly determined 


fatigue limit, a number of tests were carried out on 


five steels, covering a wide range of loading speeds 
The results are quite conclusive There is clearly 
no advantage in reducing the rate otf load increase 
maditions trom 


below 0.5 Ib per min., the optimum 














rotary 


f ed ny ye Af 
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Kuropean Status of the 


Stainless Steels 





Trend Toward More Complex 


Stainless Steels 


Snereiunp, England As in America, the 
so-called stainless steels used in England 
cover a rather wide range of chromium and 
nickel content, frequently with a considerable 


amount of other alloving metals. For conven 
thie 
constructional materials may be grouped in three 


(1) Martensitic., (2) 


ence, stainless steels used as high strength 


main categories ferritic, 


(5) austenitic. 
Phe martensitic steels in turn may be broad 


ly subdivided into two groups having the follow 


ing basic compositions: (a) 12 to Tho Cr, (b) 
li to BO ir. i tod Ni Group (a) has not 
been appreciably modified for some considerable 
tianne Phe lowest carbon variety (frequently 


called “stainless tron”) is widely used for turbine 


blading while the higher carbon steels are used 
for surgical instruments, cutlery and other put 
poses which demand a sharp cutting edge and 
for general cnginecring use where materials hav- 
ing tensile strenesths of about 90.000) to 150,000 
psi. are required, and also as heat resisting steels 


which resist oxidation when heated to tempera 


tures up to about L100) | 


The (6) group with a litthe nickel has not 
vel been used, so far as | am aware, to any appre- 
clable extent in America. It mav be interesting, 
therefore, to note how it was evolved and to what 


extent itis used in this country 
About 
that the steels with 12 to 11 


lor 


to 


Cr had not suflicient 


12 vears ago it became evident us 


resistance a number of engineering 
Phe 
just been developed in England were also 
of 


investigations were then carried out 


COPTOSTON 


applications austenitic steels which had 


only 


unsuitable on account their softness. Exten- 


under 


SIV¢ 


Veetal Progress: 


my direction in the research laboratory 
Bavleyv’s Steel Works, Ltd. 
firm produced in 1925 a steel called “I 
IS Cr and 2 N 


and as a res 


containing roughly 
possessed the desired greater resistanc: 
rosion and could be hardened and tem) 
high strength together with good toug! 

In addition to its use in general e1 
the 


sal isfactory 


for purposes where lower chromiu 


were not completely (as | 

and hydraulic fittings working through p 
or in contact with copper alloys), it has 
thre thre 


evoing aircraft where material capabl 


standard steel for constructio 
hardened and tempered and of possessi 
tensile strength is essential. It has a ve 
vreater resistance to the attack of sea 
the lower chromium steels, hence its ade 
Air Ministry. 

As a matter of general interest, | m 


tion that this 18-2 steel has also been se 


OuUl 


leading architects for the strengthent 


toration of valuable old buildings: thus 
sive chains which encircle the dome of S 
cathedral in London, and those sim 


to the Church of the Holv Sepulcher in 
of it. When the 


these two famous buildin 


are made renovatlo 


ried out on 


for the dome was deemed advisable 


and this martensitic steel was selected « 
of its high corrosion resistance and 


strength. The chains on St. Paul's 


are each designed, | believe, to supp 
of 1000 tons. 

Ferritic allovs of the second ma 
are not very largely used in this cou 
count of their low notch toughness \ 
tion to this is the special “Brearlev h 
iron with 16 to 18% chromium, mad 
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| 





ich possesses a reasonable impact 
has been very largely used in_ this 
mn the continent of Europe for nitric 
Recently also we have supplied a 
se of this material in plate form for 
tion of plant for the sugar industry 
iron is probably more easily fab 
boiler makers’ processes than othe 
rrosion resisting steels. 
rritic allovs are used to a considet 
is heat resisting steels; they have the 
f being less affected by sulphurous 
the nickel-containing steels, but, on 
und, are considerably weaker than the 
sh temperatures. The chromium con 
allovs is adjusted to meet the service 
ind mav be as high as 30 Son 
tions of aluminum or silicon or both 
rt of the chromium. In the case of 
ducts the carbon content is generally 
v figure, but in castings it may be as 
r 3 when the chromium content 
Such high carbon, high chromium 
frequently used for furnace equip 
es, skid bars and the like) owing to 
sth and resistance to abrasion 
thre possible exception of the cutlery 
iless steel, the austenitic steels of the 
ire probably the most widely used of 
than list their important applications 
to describe some recent trends in thei 
chiefly in the production of steels 
intergranular corrosion effects (o1 


iv-free” steels, as they are often 


Many firms over here are depending o1 


of titanium, the beneficial effects of 
discovered by Krupp. The contribu 
wh firm to this end has been the uss 


Ip to Ot.) as a means of preventing 


ir corrosion. We are regularly pro 


el under this patent which is quite freé 


les due to “weld decay.” 


icon content of the steel has othe 

vivantages; for example, it increases 
e resistance of the steel at high tem 
oxidation and to the attack of many 
in, it is well known to be diflicult to 
deposit of weld metal which will be 
ilergranular corrosion when using a 
ed with titanium, owing to the readi 
Which this metal is oxidized; silicon 
ss readily oxidized and there is no 

producing deposits of weld metal 
th silicon 18-8, which are themselves 


ntergranular corrosion 


lune. 19O36: 


It 


is therefore 


being wide ly used either cold 


rolled or fully softened for aircraft purposes, as 


turbin 
hnatiol 


(SlnC 


¢ blading particularly where salt contami 


1 ol thre 


thre 


COTTOSIV« 


chemi 


stee] 


bole I 


feed wate 


I 


is exceedingly 


Is 


liable to occul 


resistant to such 


conditions), as equipment for the 


cal industry \ 


vhere its 


Superior ae i oe 


sistance as compared with ordinary 18-8 steels is 


being recognized (in 


fully 
and a 


Indust 


re plac lhe 


soa construc tional 


rics 


a stainless 


several ( 


uses, If IS SUCCESS 


material 


molvbdenum-containing steels), 


in manv other 


dairy, brewing and the like where 


steel that 


can iY LING dl 


in the welded 


condition without subsequent heat treatment ts 


Prequil 


ed 


lt is also finding extensive application 


as a heat resisting steel. 


| 
dustr 


mbout 


i 
molvbae ruiin 


or certain purposes in the 

. Steels of the 18-8 type co 

| molvbdenum are used 
content is as tow 
advantages obtamed 


though the 


nearly so marked and in my own 


sults ¢ qually 


iis sood 


chemical in 
nlaming up to 
Sometimes thr 
is | or 2 


ive sothen= not 


CApPcriches I 


ith bye obt Lidie ad ul le SS cosl 


by the use of the above-described high silicon 
18-8. On the other hand, the properties obtained 
with a molybdenum content of about 1 ire Very 
valuable and during the last twelve months we 
have supplied several tons of it for plant sub 


\« cle ad 


ticularly 


to the 


SCV OTE 


able to make 


attack 


this ste 


conditions 


ol acetl 


el so tha 


( 


{ 


| 
it 


Wd under pat 


Incidentally, we are 


it) iy used iS 


welded without subsequent heat treatment 
Austenitic steels are also widely used tor 
heat resisting purposes, sometimes under con 
siderable stress, the actual composition being 
adjusted to suit requirements Frequently sill 
con or tungsten or both are added, in addition to 
chromium and nickel, to give increased strength 
or resistance to onxidattor Some ivpr | vlire 
in regular use are 
( ee ‘\ | \\ SI 
( 20 Ni 8 |? W St j Si 1 
( ist ” Ni Sf | = 8 4 
( 2 Ni Jt \ | 
such steels ins selected Wier str | al 
high temperatures is an important factor, as thes 
are superior in this respect to the ferritic alloys 
Thev also have the advantage of being much 


tough 


er at ordinary 


temperatures than the latter 


weldabl (Dy) thre 


allovs and also more easily 

other hand, thev are liable to 

ous gases and when thes 

in service, it mav be necessal 

alloys even at some sacrifice 
J 


Page 


OY 


attack by sulphus 


\ 


© 


conditions mav be met 


use the ferrith 


in strength 


ty 


MONYPENNY 













Low Carbon, High Chromium 


Alloys Perfected in France 


Paris, France — There have been no essen- 

tial changes in the chemical composition 

of the various alloys classed as stainless steels 

and produced in France. They have been of the 

same general types as those used elsewhere, but 

their uses did not develop uniformly in all 
countries. 

One of the most important alloys is, of course, 

the 18’ 


tant new application might be cite 


chromium, 8 nickel steel. No impor- 
d other 


equipment for chemical and explosive factories, 


where a modification containing considerable 


molybdenum has been installed. This additional 
alloy has corrected certain difficulties which have 
been met in the use of plain 18-8 under conditions 
of both corrosion and erosion by liquids Or Gases 
in motion. 

A notable development of the extra soft, high 
chromium alloys has recently occurred. In the 
18‘, 


with less than 0.10% carbon, a number of appli- 


ferritic alloy containing 17 to chromium 


cations of seamless tubes have been made in nitric 


acid plants. Such ferritic allovs are notable for 


their ease in working. For instance, table ware 


such and forks made of low carbon 


1D to 16°, 


bossed and coined much better than 


as Spoons 
chromium steel can be stamped, em 
18-8. 











{ttemperator Coil for 38.000-Gal. Yeast Propaga- 


tor. kabricated from 1000 ft. of stainless tubing 
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Some difficulties are met in the w 


these ferritic steels because of the la 
erowth which occurs which cannot bi 
Studies 1 


way are leading to the solution of this 


by subsequent heat treatment. 


in the way of using brazing materials y 

mit welding without passing 1400° F 

below the ordinary recrystallization ten 
An important recent installation s! 

less equipment has been the nitric aci 

at the KuhImann plant of the Aciéries | 

d’Ugine. 


Ai Bert P 


18-8 Is the Favored Stainless 


Alloy in Germany 


Essen, Germany — Progress of 


steels in Germany lies in the ¢ 
number and variety of applications rat 
in any revolutionary changes in composil 
chromium-nickel steels have always | 
favorite. They found their first import 
plications in our heavy chemical indus! 
events in. thy 


contrary to the trend of 


States, spread to general purpose appli 
the food industry, for architecture, at 
household 


construction, equipment 


forms. So far. however. we have not 
spot welding to any great extent for 
structures, vehicles and aircraft of ce 


stainless strip. 

Some notably large installations | 
made by the chemical industry. Wem 
tion absorption towers 20 ft. diamete: 
ft. high for the nitric acid industry, 1 


vessels for separation of fats unde 
complete pressure cookers for the con) 
wood into cellulose, and furnaces fo! 
thesis of ammonia by the Claude proces 
ing at 1000 atmospheres and 10007 F. 

No substantial changes in the comp 


the stainless steels have been made in 


vear and a half. In general, 18‘. chro 


nickel with carbon content less than | 


with carbide-forming additions such as 
tantalum or columbium to prevent int 
line corrosion, now makes up the la 
centage 


1S-S 


of the total production. Fur! 
to 5 


denum are becoming more and more 


steels with additions of 1 
excellent results are had with them, for 
in resisting hypochlorite solutions. A 
anneal 


treating, a low 


1200° F 


temperature 


_ of the stabilized steels, such as 














is of interest in raising the tensile 
particularly the yield point. 
titanium content there is no danger 
stalline corrosion in later service. 


1um is also being added to the plain 


action of additions of nitrogen. 
rdance with the above facts, a wide- 
lication is opposed less by technical 
for here the limiting possibilities 
vell known by the cost of the 
lements nickel, chromium and molyb 
almost entirely imported. 
roblem of which we in the Krupp or- 
as steel producers, cannot judge con- 
nnd over which we have little influence. 
rection lie attempts to substitute manga- 
ckel and to economize in the use of the 
18-8 by increased use of bimetals. 
Schafmeister, 
a discussion of these problems in Die 
last October. 


vely more expensive than chromium, 


Since nickel is, 


ris have been expended on economizing 
Substitution of 


ls for the 18-8 used in nitric acid equip 


the ferritic 17° 


te logical from the viewpoint of corro- 
difficulties of fabrication 
are so much greater that this will be 
til absolute ly necessary. 

alloys have also been 


herein all or part of the nickel in high 


. however, Is not as potent 
in changing the body-centered ferrite 


face-centered 


nore of the alloy and also to raise the 


conditions 


solid solution 
stable on long annealing. 
compound, first observed in 1927 and 
onstituent™ by Bain and Grifliths, will 
manganese 
ind as this is hard and brittle it causes 
le loss of ductility and the steel is not 
it temperature range. Since corrosion 
! boiling HNO 
resistance, the Cr-Mn steels cannot 
e regarded as having the same excellent 
as 18-8 Cr-Ni, and direct substitution 


It remains to be proven whether 


cific or new applications; 18-8 will undoubtedly 
remain the most reliable alloy for most uses 

(In passing, we might voice a warning that 
While the general corrosion resistance of “stain 
less ste els” is ve r\ freque ntly judge d by their be 
havior in boiling concentrated nitric acid, one 
should not generalize too much on the results of 
such a test and come to far-reaching conclusions 
as to the behavior of the alloy in other corrosive 
conditions.) 

When it comes to oxidation resistance, chro 
mium steels are equally as satisfactory as the 
Cr-Ni steels. Silicon and aluminum are the addi 
tion elements which are valuable here and de 
serve special attention since both are produced in 
Germany; although aluminum is manufactured 
from foreign bauxite, it is done very economi 
cally. When comparing the scale formed on vari 
ous chromium steels containing 0.5 to 1 Si with 
those having 2 to 3 Si after heating in air at 
various temperatures for 120 hr., the 2 to 4°) Si 
steels are in all cases superior \luminum has 
the same effect; 3°. is sullicient to prevent meas 
urable loss in weight in a 6°. Cr steel after 120 
hr in air at 100) b.. and resistance to many other 
hot gases is in proportion llowever, the high 
tluminum steels present certain difficulties in 
production and fabrication 

Silicon also increases acid resistance ind 
some cast allovs contain as high as 15 to 16 

The 5 to 6 chromium steel with OQ.) ti 


tanium is to be recommended for applications 


involving hot hvdrogen gas under high pressure, 
such as for ammonia synthesis or hydration of 
coal, tar and mineral oils. Carbon steels tend to 
decarburize and lose ductility in such applica 
tions. These Cr-Ti steels are also of great utility 
to the petroleum industry 

We have also given much attention to the 
production of sheet, plate and tubes where one 
or both sides of a carbon or low alloy steel is 
sheathed in stainless 

Three factors are of particular importance 
in such construction: (1) Heat transfer is poor 
if even the thinnest laver of air separates the 
coating from the base metal. (2) A strong bond 
between the lavers is required for bending and 
fabricating. (3) Differences in coeflicient of ex 
pansion must be taken care of; ferritic steels have 
the same temperature coeflicient as mild steels 
but austenitic steels are about 50°, highet 

Bimetals or overlays are made in various 
wavs. A slab of 18-8 will weld to mild steel by 
hot rolling if heating is done so as to exclude au 


it the cleaned contact surface \ more eflicient 
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thre mild steel about 


method 


iS casting ol pre 
heated 18-8 slabs pl iced in the mold For tubes. 
pierced bar inserts would be used and the ext 
rior cast on and the Omposite casting then J 
rolled or drawn to size High allov materials can 
also be built up by welding. the welding being 
done either before rolling or later on a fabricated 
surtace Fabricated linings of stainless steel may 
tlso be welded to a jacket by spot welds at inte 
vals, or by shrinking or expanding of tightly fit 


ting cevlinders 

No important failures in the use of stainless 
steels have occurred in recent vears, although 
minor troubles have occurred now and again in 


the hands of purchasers, mostly due to their lack 
ol 


example 


or knowledygs 


Cave 


of care the range of possible ap 


will In 


condensers operating with brackish water, sufl 


plications sufhics soni 


cient expansion was not provided for. As a result 
of t! of the 


curred and the tubes cracked due to the temper 


i chloride content water, pitting oc 


ature stresses and leaked through pitted areas 
BENNO STRAUSS 
kept 


AKD Hort DREMONI 


Changes in Austenitic Steels 


on Tempering and Annealing 


UNireux, Frances ln the March issue of 
Mrrat Progress, page 70, Jacob B. Fried- 
mann writes from Moscow concerning a phe 


homenon of irreversible contraction produced in 
valve steels during 


hie 


a long stay at high tempera 


ture, and which thinks has never vet been 


described 
\s a matter of fact, itis but one phase of the 
ol 


Portevin i 


eeneral reactions tempering discussed by 


and their “Contribution 
Study of Tempering of Quenched Steels” 
de Metallurgte, 1930) 


thev describe 


Chevenard 
the 


(Revie 


n 
to 
In this particular 
of two 


Mn, and 


both pre viously 


articl an investigation 


steels, one and 2.05 


thre 


containing Lot, ¢ 
other Lo (. and 2.25 Ur, 
(that 
high temperature) and attributed the contraction 


lo 


hvper-quenched is, Ayper-trempe, trom a 


a precipitation of cementite, revealed on cool 


bv a ( al Pot ( 


urle magnetic point about 


(30m) oF) 
Phen ap 


praising our own data, mav be summarized thus 


conclusions, which are useful in 


\ll the phenomena observed in tempering hyper 
bye collected 


elementary reactions, as follows, which are supe 


eutectoid austenite may into three 


prose don one another and intermingle: 






cooled 
chromium 

temperature 
state ° 


(20 and V2) ¢ 


I. Supersaturated 


rmicitite 


_ 


site 


I] 


Reactions | 


lempering, 


thre 


Cuiiha 


Gamma solution 


Gamma solution 


il 


whilk 


Cail 
Cainima 


solution with 


(alpha solution) 


mart 
I] 
reaction IIL take 


na occul 


dur 


soluti 


I SS 


> cementit 


CIS] 
lhe 
Ss pla 


cooling following tempering (prod 


so-called secondary quench, frempe s 


| Ihe 


tempering 


ol 


martensite 


CODSISES 


vressive decarburization of the alpha 


bon solution, 


spread over a wide l¢ 

interval In the tempering of quene 
these reactions occur concurrently 

In collaboration with P. Benazet 

studied a steel containing 0.355, C, 2.0 


LS aay £ 


that 


() Ni 


by Mi 


LIN¢ ad 


ricdmann 


and 


a composition nearly ide 


Shi 


it contracied during a prolonged holdi 


725 and 925° ( 
of 


was cooled there 


tion carbide 


about 300°. GC. ( 
martensitic 
of 
The same samp 
it about GOO ¢ 

inne thre 


lihis steel 1 


room temperature when in- the 


It held 


toward 


is in th 
thre 
of 


resistane 


Cause d bv 


When 


Passive 


part 


unstable, ¢ 


to 


Phrase 
low 
steel 


be 


must 


tO and 1700) F.), 


reciptitation \\ 


Was a pronounced ex] 


4 


transformation 


ferromagnetism and 


le 
(1 


steel to the 


Ss 


Is 


transformation 
pre SCTIC( 
this 


ah 


temperature 
and thus in 
ré hie ated 


(1350 and 1700) EF.) 


» I.) a 


manite 
with 
ah rmcre 
on being reheat 
100 BFL), the Ac 
austenitic stat 
stable 


not in 


state bv the sti 


ol 


Cal bon 


carbor 
IS pr 
diminishes and 
then transform 
Vhis 
when quenched 
a fairly sta 


SC VE ral 


thre 


isc 


(resistance 


stat 


11) 
ed 
po 


C( iit 


aust 


ong 
( 1}? 
thie 
\\ 
hi 
byl 
MITES 


to 1! 


suflicient carbide to permit the martens 


\ study of steels much lowe! 


formation on cooling. 


Il 


Sp) 


content reveals different phenomena 


also studied a steel containing 1.0 
Si, 0.12 Mn. 35.98 Cr. and 0.09 
from 1250- CC. (23007 F.) a treatm 


the steel completely austenith 


an 


austenitic sample, one can 


Q)n 


) 
N 
nt 


he 


obs r\ 


traction as the temperature passes 900 


cipitation, 
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Page 


howeve A 


sufliciently du 


passive resistance to the gamma 


of carbide precipitation 


nil 


alp 


formation that the specimen suddenly 


ipp 
|} 





sO rapid as to be compl ted 
totally during mere 


heating 
at a moderate rate on the 
other hand, it mav be so slow 
as to require a rather pro 
longed soak at a certain tem 
perature If it occurs when 
normal heating reaches a 
certain temperature i pro 
longed holding at a some 


what lower temperature will 


if to proor SS 








CaUSé it a rate 


proportionately slow 








| 





\s 
the temperature ts lows 
When thr ( irbice does 
Curves Taken During the Reheating of Quenched fustenitic precipitate the passive re 
Nickel Steel. Carbide precipitates on heating at a, and on holding sistance toyota NA 
emperature at Qo. If the temperature ts not raised to the allotropic tIpha transformation 
tion at b, it occurs at a low temperature c, or cc. on cooling oe ee ch that it 
CTITLLIDIISTIC SE SO miuct Ma I 
can take place one of the 
following forms 
ilescence, at about 600 ( (1100 I.) l If thr 
rning the steel to the 


Passive 


alpha state, 


resistance is small, trans 
as formation occurs almost instantly bv trigge 
the coeflicient of contraction on cooling action ato oa certain risin temperature slightly 
ecoveryv of magnetism. The course of above a Phis is shown by Curve | 
experiment is shown in the first curve, 2. If. in the case cited above, heat . 
bv a Chevenard dilatometer. If the heat stopped before point a, and the temperature 
stopped after the contraction has set in, held, carbides begin to precipitate at a 1uSsING 
fore the sudden dilation (Curve 2), and an isothermal contraction; the gamma ilpha 
ple cooled without delay, a pronounced transformation then begins and as if tinues 
due to the appearance of martensit causes a gradual tsothermal dilation, the rat 
Io (300° F.). Phis constitutes the dep nding on the 
non of secondary quenching noted by 


temperature ( 





wie 
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vents a sudden, almost explosive transformation, 
it takes place as in Curve 4, but is gradual over 
a more or less prolonged stay at temperature. 
However, if sufficient time is not allowed for it 
to occur, it will take place on cooling at low tem- 
perature, thus constituting the secondary quench 
(ce on Curve 6). 

This last mode of transformation is the only 
one that is encountered when carbide precipitates 
at a temperature higher than the Ac point of the 
steel, since austenite is there the stable phase. 

We have already published two papers con- 
cerning an extended investigation of variations 
in the mode of transformation as a function of 
the composition with particular reference to high 
speed steels (Revue de Métallurgie, 1930 and 1982, 
p. S01 and 259 respectively). 

ANDRE MICHEL 


Assistant Technical Director 
Etablissements Jacob Holtzer 


Advantages of Bakelite 


For Mounting Small Specimens 


Harvey, 7/7. Authorities on  metallog- 
we raphy, including the ASMetal Handbook, 
recommend that small specimens be mounted in 
a fusible alloy prior to polishing and etching, 
and this method with all its drawbacks is used in 
However, others have in- 


many laboratories. 


stalled equipment some of it homemade for 
mounting specimens in a plastic compound like 
bakelite. 
method, in the laboratory of Bliss & Laughlin, 


The present writer has used the latter 
Inc., for many hundred samples, and cannot 
recommend it too highly; bakelite has good re- 
sistance to reagents, adheres excellently to the 
specimens, and climinates margins, crevices and 
relief polish. 

Small hydraulic presses, with heater and 
molding tools which are now available, are neat. 
compact and simple to operate. The bakelite 
mold is in three pieces, a base on which the 
samples are placed, a surrounding 
Bakelite 


powder ts poured into the evlinder in appropriate 


sample or 
evlinder, and a_ tight-fitting plunger. 


amount to cover the specimen and hvdraulic 


ver down compressing 


pressure forces the plun 
the material. An electric heater, placed about 
the mold, gradually brings the temperature up to 
the curing point; pressure is maintained at all 
times until the process is complete. At the end 
a button of material is ejected. The whole process 
is fast, clean and simple to operate and always 


gives the same size sample, which is smooth and 





shiny and very neat as well as easy to 


future reference. 

In polishing such a sample as illust; 
abrasive lodges between the sampk 
mount since the bakelite adheres close] 
metal. There is no danger of relief polis! 
the uniform size and shape of the mount 
constant pressure at the wheel and m 
formly polished samples. Their shape 
venient to handle and a standardized 
can be developed for grinding and polish 

Wire, sheet, small tubes and very sm 
tions of larger samples can be_ polish: 
examined with no difficulty. The powdere: 
lite will maintain the samples erect and p: 
positioned until the temperature is rais 
ficiently, at which time both the plastic | 
and the pressure keep them in_ the 
position. 

Since there is no danger of injuri 
section to be inspected, it is necessary to 
only the required part, which saves time bh« 
a very large sample naturally requires mor 
to polish than does a small sample. | 
more, it is not necessary to hold the 
samples on the wheels as long, which avoi 
danger of polishing pits, an especially imy 


feature when examining unetched sections 


Probably the greatest satisfaction will be | 
when it is necessary to examine a specimen at t] 


very edge of the polished area. Soft metal mor 


ings are W holly 


edges, whereas bakelite polishes down uniform! 


with the metal to a smooth surface, resista! 


all the common etching reagents. 


F. L. Ropsins 





Sample Bakelite Mounts. Polished and 
Ready for Metallographic Examination 
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The Service Representative 
in the telephone business office greets a young 


couple who want to have a telephone installed. 


The Bell System serves the 
whole country, yet it remains 
close to the people. The people 
use it. Their savings built it. 


“It belongs to Main Street ”’ 


The 270,000 employees of 


the Bell System live and work 


in your neighborhood and in 


similar neighborhoods in every 
section of the country. They are 
good neighbors. Thousands of 


times each day and night their 


activities bring friendly aid to 
those in need. 

To every one—to the newly- 
weds, to the man in the grand 
house on the hill or the little 
lady with the shawl—the Bell 
System offers the same full 
measure of service 

And seeks to do it always 
with courtesy and sym- <@& 
pathetic understanding — 


in the manner of a friend. 


BELL TELEPHONE SYSTEM 
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Solubility of Carbon in Ferrite 


By J. H. Whitely 


Condensed from Journal of the Iron & Steel Institute 





THREE Potnts in the iron-carbide diagram 
& relating to a carbon content less than 0.10° 
Point N, which 
indicates the solubility of carbon in alpha iron at 
T. D. Yensen at 
Point D) represents the solubility at Ar 


have been generally accepted. 


room temperature, was fixed by 
0.0086; . 
it is here placed at 0.03°7, as was first deduced 
by Howard Scott from cooling curves and subse- 
quently confirmed in other ways by several work- 
ers. Point G is the Ar, point for pure iron. These 
three points having been fixed, an attempt is 
made in the present paper to delineate the cur- 
vatures of the lines joining them. 

carbon and 0.004, 


material 


Armco iron having 0.025‘; 


nitrogen was the principal used, al- 
though identical results were secured with ex- 
tremely pure iron slightly carburized in charcoal, 
electrolytic iron sheet free of nitrogen carburized 
to 0.105 carbon and then almost completely de- 
carburized in hydrogen, and with carbonyl iron 
O.O1S', 


ination after definite heat treatments the speci 


containing carbon. For micro exam- 
mens were polished and then etched by a special 
technique. The reagent used was the very sensi 
tive Le Chatelier and Dupuy’s cupric reagent con 
taining: Alcohol (95°. ) 100 ce., 


per chloride 1 g., picric acid 0 g., hydrochloric 


water 10 cc., cop 
acid 1 to 3 ce. Indications of this reagent were 
checked by examination after etching with picri 
acid, nitric acid or sodium picrate 

When specimens of the Armco iron were ex 
amined, a definite constituent was invariably to 
at the grain boundaries. It was subse 
that littlke doubt 


that this constituent was cementite in the form 


bye secn 


quently found there could be 
of boundary films. 


Specimens of the Armco iron were heated 
to different temperatures, quenched in water and 
Up to 10207 BF. (550°C. 
in the quantity of cementite was noticeable even 
Above 1020 
the cementite crystals began to diminish gradu- 
F. (680° C.) 


It was repeatedly 


examined. ) no reduction 


after heating for 1 hr. F.. however, 
ally in size and number until at 1255 
no trace of them remained. 
found that saturation of the ferrite with carbon 
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was reached with remarkable rapidity Chr 


minutes’ heating, which included the tims 


about 2 min. — required to bring the specimen { 
the temperature, was, as far as could be judged 
sufficient in all cases to lessen the amount of vis 
ble carbide to the same extent as heating for 1 hy 

The 


with deductions of Késter by making use of th 


above observations are in agreement 


Eggertz color test for carbon. Thus both mier 
scopic and chemical methods of inquiry indicat 
that there is no appreciable increase in the solu 
bility of carbide in below abe 

10207 FL (550° C, line NI 


must be drawn vertically to that temperatur 


alpha iron 


) which means that the 


As previously stated, no carbide was visi! 


in specimens quenched from about 1255° | 
(680° C.). 
ing, this completely ferritic structure 
510° F. (820° CG.) 


few scattered areas of martensite were observed 


On raising the temperature of quence! 
pe rsist¢ 


until was reached, wh 


As the temperature was raised still further, th 


areas grew In size and number. (See page S& 
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Solubility Lines for Carbon in Ferrite Be 
ir,. Indicating That Line GD Is Nearly 
at Top and Line ND Is Vertical Below 100) 
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often cheaper in the long run to pay more for 
raw materials or your production machines. The 
from fewer breakdowns, better finished parts, 
jher production speeds, often far outweigh the 

r iirst cost. 
ly” irons and steels have proved this point 
Molybdenum 
i to a cast-iron reeler plug increased production 


time and time again. In one case, .35 








tubes per plug as against 80 to 90 formerly. 





plugs cost more — yes. But the difference was 


‘y steels and irons are usually less expensive 
ther alloyed steels and irons intended for like 
And on the basis of their relative fitness or 
ty for a given job, they are invariably cheaper. 


June. 
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MOLY makes it cost less to pay more 


Apply them to your own products and machines. See 
for yourself how they help to cut costs—and, conse 
quently, to increase sales through the better and more 
uniformly dependable products they help to turn out. 

Our helpful technical books, “MOLYBDENUM IN CAST 
IRON” and “MOLYBDENUM IN STEEL,” cite most of the 
many applications in which Moly irons and steels 
excel — and which prove Moly as “industry's most 
modern and versatile alloying element.” Copies of 
these books are yours for the asking—as is also the 


mailing of our periodical news-sheet, “The Moly 
Matrix.” 
problem of your own, our laboratory facilities are at 
your command. Climax Molybdenum Company, 500 
Fifth Avenue, New York. 


And, if interested in some particular alloy 
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Rolling and Annealing of Steel Sheet 


By ©. 


Condensed from Journal. 


\. Edwards, D. L. Phillips and W. H. E. Gullick 


Iron & Steel Institute 





Ir HAS long been known that the crystal 

size in metal depends upon the degree of 
cold work and on time and temperature of sub- 
sequent anneal. Quantitative measurements on 
iron show that the original grain size is also im- 
portant the larger the initial crystals in the 
material, the greater is the critical strain re- 
quired in order to produce the maximum crystal 
size, and the size of the crystals obtained after 
straining and annealing is less as the initial crys- 
tal size increases. In ferrite crystals in_ steel 
these effects, occurring at temperatures below the 
transformation, are interrupted by recrystalliza 
tion at Ac 


gamma form 


when alpha iron passes into” the 


These large crystals are to be avoided in 
commercial sheets, and the present investigation 
was planned to study the influence of mill varia- 
bles on the softness of O.013-in. sheets as meas- 
ured by the Erichsen cupping test. 

In the first place some samples were an- 
nealed | hr. at several temperatures between 
WO and 1750) F 
rolled to the extent of 100 


results were compared with the corresponding 


Pheyv had previously been cold 


clongation, Lhe 


data for the same material which had been hot 


rolled to thr 
rolling, those sheets that were submitted to this 


desired thickness Priot to cold 
operation were normalized in a commercial nor- 
malizing furnace and, therefore, possessed the 


usual structure. In 


small-grained, equi-axed 
the case of the hot rolled material, a negligible 
amount of softening takes place after anneal- 
Ing at temperatures up to 1200) FF. This is fol- 
lowed by a sharp rise in the Erichsen value at 
Is Od, after which the improvement is less 
With the 
however, the steel becomes as soft after anneal 
ing at 1000) EF 


annealing at 13000 F 


rapid, heavily cold rolled samples, 
as the hot rolled material is after 
Further, this superiority 
of the cold rolled samples for any specific an- 
nealing temperature is maintained throughout. 

In the hot rolled material, what can be con- 
ventiently described as recrvstallization does not 
occur at temperatures below the Ac, point, while 


after heavy cold rolling recrystallization com- 
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mences at 1025” F., and is complete af 


Nees SS 


say, recrystallization again takes place 


nealing at any higher temperature. 


Ac, point, but the structure obtained is 
cally the same as that which results from 
crystallizations by annealing heavily cold 
steel at about 1300° F. 
Next the influence of time (‘5 hr. 1 
» hr.) of annealing at different temp: 
was studied, and it was found that resul! 
very similar for various degrees of cold rolling 
namely, that 5 hr. at 10007 F 
metal to the same Erichsen value as 
L150) OF. 
l’. the effect of time after 1 hr. is rather sn 
A similar family of curves results w! 


sottes 


However, at temperatures above 12 


Erichsen value is plotted against anneali 
perature and the third variable is degre: 

rolling of sheets which had been hot rol! 
not annealed or normalized. From the p 
point of view, perhaps the most interest! 
ture revealed by these last-mentioned 
ments is that by giving the steel a 10% elo 
by cold rolling, without previous anneal 
values obtained by annealing between 


11007 EF. 


good and, indeed, practically equal to th 


subsequent to cold rolling are « 


are obtained by completely annealing 
malizing hot rolled material that has | 
subjected to any cold rolling. 

We then tried to find what, if any, ef! 
original condition of the material is 
enced by two different methods of ai 
prior to the cold rolling operation, that 
annealing versus normalizing has ul 
properties of cold rolled and subseq eh 
nealed sheets. As is perhaps well know! 
annealing, the weight of material in eac! 
relatively large, and in consequence a lo 
is required to reach the annealing tem] 
and the material has to be maintained 
say, 1300 
under normal conditions, the tempera! 








F. for a prolonged period. |! 
tained is definitely below the A, chang 
for these reasons the microstructure paral 


Continued on page 84 

























The heritage of all Mahr furnaces is fuel economy 
and low maintenance—not merely a few, outstand- 
ing installations. 


Years of successful analysis and experience in fur- 
pr TREAT : nace design and manufacture are the assurance of 
a paying investment to every old and a promise to 





every new customer. 


Representatives in all Principal Cities 


MAHR MFG. CO. 


MINNEAPOLIS, MINN., U.S.A 
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ENGINEERS « DESIGNERS ¢ MANUFACTURERS 
ALL EQUIPMENT FOR METAL TREATING 


S| GAS. ELECTRIC-oIL | 
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Harry Hardwicke has been ap 
gy Persona | S pointed district manager of La 
trobe Electric Steel Co. in 
(RN Chideues 
Ancel St. John. St. John X-Ray Norman E. Woldman, tormerly 
Service Ine., is recovering from a with the United States Navy, is 
concussion which laid him up for now chief metallurgist and vice- 
18 months president of Eclipse Aviation 
Corp 
Oscar O. Miller has joined the 
stall of Mellon Institute of Indus- Roy G. Roshong has been ap- 
trial Research, Pittsburgh, as in pointed metallurgist of Lindberg 
dustrial fellow Steel Treating Co., Chicago 


Stuart Pils 


FOR THE TOUGHEST” METAL WORKING ‘ING CONDITIONS 


In a class by itself 
For the machining of EITHER 


"18-8" — “X-1112" 
STAI N LESS ~ ete titan see 
otuart’s 


fAred KU, 


wees 1: Oct. 19, 1926 





By any criterion — 
SMOOTHER FINISH 
PIECES PER TOOL GRIND 
OIL COST PER GAL. 


fmerica’s Most Highly 
Developed Cutting Lubricant 











The cost of “THRED-KUT” on the machine is 
proving a pleasant surprise to manufacturers in 
highly competitive industries. Write for informa- 
tion regarding new applications of “THRED- 
KUT” as today recommended by leading steel 
makers and machine tool builders. Do it today! 


D.A.STUART & CO. 


ESTABLISHED I865 
CHICAGO i ye 


Warehouses in Principal Industrial Centers 
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Albert L. Marsh, pres 
kins Mfg. Co. Det 
awarded the John Pri 
Medal of the Franklin 
for “contribution of a 1 


extreme importance to 
trical industries.” The 
Longstreth Medal of the 
was awarded to Alfred V. de} 
est, president, Magnaflux | 
and William E. Hoke, « 
engineer, Baltimore, for 
velopment of a “ready 
detection of hidden 
George O. Curme, Jr., 
recipient of the Elliott (; 
Medal, for the develop 
synthetic aliphatic com; 


Charles E. Kraus has j 
Ingersoll Milling Mac! 
to do research primarily 


cutting. 


F. Hall Hately is produ 
opment engineer with § 


Wm. G. Hassel has ! 
pointed sales and develop 
gineer for Pittsburgh ¢ 
Steel Co 


George J. Moeller 
made production manag 
Dazey Churn Mfg. ( . 
Louis, Mo 


David McLain has lx 
ed the J. H. Whiting M 
the American Foundry! 


sociation 


Haig Solakian has a 
position as research met! 


for A. F. Holden Co 


Stanley A. Knisely, 
manager of the Advertis 
Sales Promotion Divis! 
public Steel Corp., has |! 
pointed director of aay 
Forrest H. Ramage has b 
moted to the position 
promotion manager, and Chest 
W. Ruth to assistant di 
advertising. 

Lewis S. Reid is now t 
in the Standardization La 
of Metropolitan Life |! 
Co., New York. 

Neil Metcalf is metal! 
Burlington Steel Co., Ltd 
ton, Ont., Canada 
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Cee John Dolza, designing engineer Robert J. McKay, terna- 


* os _ « * 
i « rs o mm at I Ss Motor Co., has been made assist- a member of the Exe: Com- 
RSE eR RENN ee 
ant chief engineer mittee of the Americar tion of 
the Society ot Chemi 


for the past two years at Buick tional Nickel Co., has lected 


lustry 
C. R. Cox has been elected vice- : 


Bradley Stoughton, head of Le 
high University’s Metallurgy De- president in charge of operations 


partment, has been appointed and engineering tor 
Pittsburgh the Research & Devel it De. 


A. W. Demmler has jeep ap- 
National pointed metallurgical e; eer in 
dean of engineering, a position Tube Co é 
partment, Vanadium 

L. W. Grothaus, assistant to America, Bridgeville, P 

George O. O'Hara has joined the president, Allis-Chalmers Mfg 
the sales department of the De- Co., Milwaukee, has been elected a 


newly created 


Walter E. Peterson 

' ranstferred > new 
troit Electric Furnace Co director of the company a ' = ihe a 
Greenfield Tap and Dj 


Detroit, the former Carp 








and Die Co., and will 
chemist and metallurg 


division. 


George A. Nelson is n 
4 I M kK i lurgist for Shell Chem 
Shell Point, Calif. 


. Ray C. Skeel, formerly with the 
for Pressed Steel Division in Cleve- 
; land, has been transferred to the 
Truscon Steel Co. at Youngstown 


Heat and Corrosion Resistance (re 


L. E. Mustard has 


Ss ‘fis ke o thr ir ener. ; ‘ 
Cast Cimet is alow nickel, high chromium-iron alloy especially pointed district: manag 
suitable for sulphur-bearing fuel applications. It is resistant Bristol Co. in Detroit 


to heat. corrosion. abrasion and many acid conditions. such 


J. W. Braffett has 
sales staff of Republic Stee! Corp. 
Upson Nut Division, in Detroit 


as sea and mine water. 


ipplications: Pump parts used under acid conditions: 

radiant tubes and support brackets, oil burner parts, walking Sol Einstein, formerly chief 

beam furnace shafts. normalizing furnace parts, roller shafts, engineer, has been made a vice- 

— president of the Cincinnati Mill 
ing Machine Co. 


Joseph L. Block h been 
named executive vice-president 


DRIVER-HARRIS COMPANY 


Harrison, New Jersey 


in charge of sales, and Albert ©. 
Roeth vice-president ar 
manager of sales tor 
Steel Co. 

E. F. Entwisle has lb 
pointed assistant genera! 
of the Lackawanna plant of Beth- 
lehem Steel Co.. 2nd J. M. Sylves 


ter has been made assis gen 


ier 


eral manager of the Bel 
plant. V. J. Pazzetti is 
tendent of the Saucon D 
fethlehem and J. C. Mac* 
perintendent of op 
Saucon Division 

Emil C. Traner is p 
of the Mechanics Univ 
Division of Borg-Warn 
Rockford, Ill. 
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